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Part I: Equilibria in Particulate Bodies 
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FOREWORD 


This is the first installment of a paper dealing with 
the “Modern Concepts of Fracture and Flow”. It dis- 
cusses the equilibria existing in particulate bodies and 
will appear in two sections in THE Giass INpusTRY. 

The remaining parts of this paper, dealing with a 
detailed analysis of the phenomena of fracture and flow 
and their application, will appear in later issues of this 
publication as the work progresses. 

The concepts and theories underlying this paper ap- 
peared in much more rudimentary form in a series of 
issues, 1948-1951, of the French periodical Verres et 
Refractaires under the title “La Fracture”, which was 
composed without the aid of electronic computers. 


ABSTRACT 
It is shown that Fracture and Flow are rate processes, 
requiring a new concept of stress to be applied to par- 
ticulate bodies. The equilibria existing in a particulate 
body subjected to arbitrary stresses are established. 
The solutions are plotted in graph form, permitting the 
numerical determination of these equilibria. 


I INTRODUCTION 


In the good old days when Science was simple, bodies 
were classed as brittle or ductile. Those that broke 
when their strengths were exceeded were brittle; those 
that bent were ductile. 

Scoble), in dealing with brittle bodies, established 
that their strength was best measured in terms of a 
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limiting tensile component of the stress applied; and 
Tresca®), in dealing with ductile bodies, established 
that their strength was best measured in terms of the 
deviator component of the applied stress. 

It was von Karman“) who showed that, under suff- 
cient hydrostatic compression, bodies that were ordinarily 
brittle could be made to bend, twist, or flow at will, 
where the hydrostatic pressure precluded the presence 
of a sufficient tensile stress. Since that time, it has been 
accepted that all bodies normally have two separate 
strengths, a breaking strength and a yield strength. 
Brittle bodies are those that have a low breaking strength 
and a high yield strength, the opposite is true of ductile 
bodies. 

Since Inglis’) time, it has become apparent that the 
breaking strength of a body is governed not by the 
macroscopic tensile stress applied to the body, but by 
the microscopic tensile stress prevailing at any micro- 
scopic “crack-tip” that might be present. He established 
that the microscopic stress is always larger than the 
macroscopic measurable tensile stress, and that the former 
increases with the crack length. Similarly, the yield 
strength of a body must be governed by the distorting 
microstress about local dislocations, cracks, or other 
inhomogeneities in the body. 

Microstresses cannot be measured as can the macro- 
stresses. They can only be inferred by extrapolating 
macroscopic stress-strain relations to very small domains. 
This procedure introduces a large factor of uncertainty 
that has been used to explain not only the large spread 
of values obtained when making strength determinations, 
but also the inconsistencies found in these determinations. 
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Griffith®) visualized the process of breaking as an 
expansion of the surface area of bodies. He assumed 
that the incremental surface energy was derived from 
the potential strain energy previously stored in the body 
and was thus led to express the breaking strength of 
bodies in terms of these energies 

Coulomb), on the other hand, considered the process 
of flow as the gliding of layers in a body past one 
another. He assumed that the yield strength was due 
to some internal friction between the layers and was 
thus led to express the yield strength in terms of such 
internal friction. 

Such laudable efforts to put the then current concepts 
on a theoretical basis in mathematical form, appeared 
crowned with success until closer examination of the 
inconsistencies encountered fostered the suspicion that 
the concepts themselves were faulty. Fracture and flow, 
it was realized, are not spontaneous phenomena that 
occur suddenly when a certain strength in the body is 
exceeded, but take place at very definite rates that greatly 
depend on the prevailing stress. This was conclusively 
shown by Schardin®) and Andrade“. Brittle bodies 
break in “brittle fatigue” at stresses that are only a 
fraction of their presumed “breaking strength” when 
these stresses are applied for a long enough period) ; 
ductile bodies “creep” slowly at stresses significantly 
lower than their yield strength. 

This realization disposes of the whole concept of break- 
ing and yield strengths of bodies. It becomes clear that 
fracture and flow are rate processes and, as such, their 
theory must conform to the general principles governing 
such processes. 

Such theories invariably deal with particles—atoms, 
molecules, or aggregates—that move by overcoming 
energy barriers in their path, under the influence of their 
own thermal kinetic energies, as the process progresses. 
The prevailing fields, such as stress fields, operate merely 
in modifying these energy barriers so as to reduce the 
resistance offered by the latter to their progression. 


II CONCEPT OF A PARTICULATE BODY 


The consideration that a body is a continuum of mat- 
ter does not lend itself to the modern concept of fracture 
and flow rates. It is therefore necessary to devise a 
simple concept of a particulate body that does. 

The nature and properties of actual particles such as 
atoms, molecules, or aggregates, with their various types 
of bonds and their wealth of crystallographic lattices 
and spatial arrangements are unnecessarily complex for 
this purpose because all of these properties do not play 
a material role in the universally occurring processes of 
fracture and flow. 

The ideal concept of a particulate body should involve 
the simplest kind of particles and bonds that have prop- 
erties common to all atoms, molecules, and aggregates 
and are compatible with the modern concept of the 
processes themselves. 

‘The one fundamental property that satisfies all these 
requirements is that of a Born-type attraction and repul- 
sion between particles. The presence of other significant 
properties of actual bodies may naturally affect the 
development of these phenomena to some extent (in 
the case of pronounced glide and cleavage planes for 


952 


instance, to an important degree) but it does seem un- 
reasonable to assume that the effects of such a funda- 
mental and universal property as a Born-type attraction 
and repulsion are ever outweighed. 

A Born-type attraction and repulsion force field about 
a particle merely expresses two fundamental postulates: 
(1) adjacent particles pulsate about stable spacings, and 
(2) distant particles are quite free from each other. 
Essentially, such a force field comprises three spherically 
symmetrical zones: (1) an inner zone in which the force 
field is repulsive, falling steeply with increasing distance 
from the particle to zero at the zone boundary; (2) an 
intermediate zone in which the force field is an attrac- 
tion, rising steeply from zero with the distance from the 
inner zone, and (3) an outer zone in which the force 
field is an attraction, falling asymptotically to zero with 
increasing distance from the intermediate zone. The 
distance between a pair of isolated particles, then, fluctu- 
ates about a stable spacing equal to the radius of the 
inner zone. 

Within a particulate body, the distance between a pair 
of adjacent particles fluctuates about a spacing that is 
smaller than the radius of the inner zone. This is because 
the system of Born attractions that exists between more 
distant neighbors is superimposed on the system of Born 
forces that exists between adjacent particles. This new 
stable spacing is the Null spacing. 

It is convenient to imagine each particle enclosed in 
a sphere with a diameter equal to the Null spacing. 
Assemblies of particles take then the shape of a body of 
spheres in contact with one another. 

Consider the spheres that are contigious to each of 
a pair of spheres in contact. The Born-type bonds be- 
tween the enclosed particles induce these neighboring 
spheres to assume positions that place them in contact 
with each sphere of the pair, that is, in a ring about 
the contact point of the pair. The number of such spheres 
is limited to five because they occupy the whole ring 
except for a small arc of 7° 21’ 10”. 

Next consider the spheres that are contiguous to a 
row of three spheres in contact. These neighboring 
spheres form a ring of spheres about each contact point 
between the polar spheres and the central sphere of the 
triad. If the row is a straight line the spheres in both 
rings have one common tangent plane passing through 
the triad center, and are all in contact with the central 
sphere. The latter is surrounded then, by an envelope 
of twelve adjacent neighbors. 

The rings may be in opposition to one another (Fig. 
1) in imbricated position with respect to one another 
(Fig. 2), or, again, in any position intermediate between 
these two extremes. In the first position, each sphere 
is in contact with its opposite number in the other ring: 
in the second position, each sphere is equidistant from 
its two nearest neighbors in the other ring and in contact 
with neither. In this latter position, the common tangent 
plane of the first ring may deviate from parallelism with 
respect to the second by as much as 13°10'22” without 
their spheres’ interfering with one another. 

The freedom of the 12 close neighbors is by no means 
limited to the 13°10'22” latitude in parallelism and to 
the 7°21'10” play in the rings. There exists a Born 
attraction between the spheres of opposite rings, so that. 
in the imbricated position, spheres of one ring may 
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Fig. 1. Envelope of spheres with rings in opposition. 


abandon contact with their polar spheres in order to 
ipproach spheres of the other ring, all the while remain- 
ing in contact with the central sphere and maintaining 
he equilibrium of the configuration. 

This further freedom permits still greater variation in 
he pattern of the 12 close neighbors. In particular, when 
six of the spheres are forced into a same plane, the con- 
iguration becomes either hexagonal or face-centered cu- 
vic close packing. The preferential orientation introduced 
‘throughout the body by the arbitrary orientation of the 
lane greatly adds to the mathematical difficulties of the 
problem without contributing to an understanding of the 
phenomena under investigation. These crystallographic 
configurations are therefore not considered further in this 
study. 


IIt CONCEPT OF STRESS IN A 


PARTICULATE BODY 

The concept of stress as developed for a continuum, 
when applied to particulate bodies, has meaning only 
from a large-scale point of view. The elements of sur- 
faces, across which the forces determined by the stress 
act, must be so large in extent that the fluctuation of 
the statistical effect of all the forces acting across them 
vanishes When applied to domains comparable in size 
to the particles themselves, the concept ceases to have 
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meaning. It is necessary, therefore, to seek a new con- 
cept of stress—one that remains meaningful when applied 
to the particles themselves. 

Consider first the Born forces that act between two 
isolated particles. They act perpendicularly across the 
symmetry plane that is orthogonal to the common axis 
of the two particles. They are determined by the momen- 
tary distance that separates the particles and vanish when 
the distance reaches the equilibrium spacing. 

The Born forces provoke a fluctuation in the distance 
between the particles, which, in turn, induces a fluctua- 
tion in the Born forces. In general, the time average of 
the fluctuating distance, or dynamical equilibrium spac- 
ing, differs slightly from the static equilibrium spacing, 
whereas the time-average of the Born forces vanishes.* 

Consider now the Born forces acting on two adjacent 
particles that are fluctuating about their Null spacing 
in a free body. Assume for the moment that all other 
pairs of adjacent particles in the body are maintained 
at their Null spacings. The resultant of all the Born 
forces between one of the fluctuating particles and all 
the particles on the same side of the symmetry plane 
between the pair (that is, its outer Born resultant) 
vanishes. The Born resultant across the symmetry plane 
(that is, the resultant of all the Born forces between one 
of the fluctuating particles and all the particles in or on 
the opposite side of the symmetry plane between them), 
however, does not vanish and acts perpendicularly to 
the symmetry plane. It is determined by the momentary 
distance between the fluctuating pair and constitutes all 
of the forces acting on these particles. The time-average 
of this distance—the dynamic Null spacing— in general 
may differ slightly from the static Null spacing, whereas 
the time-average of the Born resultant across the sym- 
metry plane vanishes. 

Consider next that in a free body the distance between 
all adjacent particles fluctuates. The outer Born resultant 
on a particle of a pair fluctuates, then, as merrily as the 


* To show this, let: 


ds = vdt, the increments of spacing, 

dE = fds = fvdt, the increments of potential energy, 
and 

dK = d(1/2 mv*) = mvdtv, the increments of kinetic 


energy involved in a time increment dt as a 
function of the Born force f and the particle 
velocity v. 


By conservation of energy: 





dE + dK = 0, 
hence 
fdt = — mddv, 
and the time-average of the Born force f is: 
'Z 2 
fdt mv} 
os l 1 
2 2 
dt t] 
] 1 


Integrated between minimum and maximum amplitudes, 
at which v; = ve = 0, this equation yields: 
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Born resultant across the plane of symmetry, and at any 
given instant cannot be determined. Instead of speculat- 
ing on its time-average (that is, the average of the outer 
resultant for one pair at many different times) one 
might consider the average of the outer resultant for 
many particle pairs at one specified imstant, as these 
two averages are identical*. This instant, not necessarily 
the same for each pair, may profitably be chosen as that 
instant at which such pairs achieve a same arbitrary 
spacing. 

On the average, then, the outer resultant on a particle 
of such pairs vanishes, while the Born resultant across 
their symmetry planes does not. The total force acting 
on the particle, then, averages to the Born resultant 
across such plane. 

When outside forces are applied to the boundaries 
of a particulate body, the local unbalances introduced 
are compensated for by changes in the equilibrium spac- 
ing between particles in the surface layers and their 
neighbors in the subjacent layers. These changes, in 
turn, introduce unbalances that are compensated for by 
changes in equilibrium spacing between adjoining par- 
ticles deeper within the body. This process propagates 
from layer to layer until the whole pattern of equilibrium 
spacings throughout the body has changed to a new, 
stable configuration. 

The equilibrium spacing between adjoining particles 
is now, in general, different from the Null spacing. The 
imposition of constraints on a body is, then, tantamount 
to the interposition of steady counterforces between the 
particles in a free body that neutralize those Born result- 
ants normally prevailing at such spacing across the 
symmetry planes of particle pairs. Such Born resultants 
hereinafter are termed the Null resultants. 

The system of Null resultants, then, expresses the 
reaction of the body to the constraints imposed, or to 
their equivalent, the system of counterforces—which is 
precisely what the stress system is presumed to accom- 
plish. The stress system does this by defining the 
resultants, per unit of cross-sectional area, of all the 
interparticulate forces across comparatively large sur- 
faces of any orientation about each point. The Null 
system achieves this by specifying the steady average of 
such resultants on each particle across a small number 
of symmetry planes of various orientations. When re- 
ferred to a unit cross-sectional area, the Null resultant 
is identical to the stress across its associated symmetry 
planes. 

Because the Null resultant and the stress are merely 
different expressions for the resultant of the same inter- 
particulate forces, the Null resultant can be identified 
across surfaces of any orientation about a particle, with 
the stress across such surfaces referred to an appropriate 
cross-sectional area. 

As a consequence of the close relation between the 
Null resultant and the stress, it is to be noted that, in 
general, the Null resultant is oblique to the surfaces 
across which it acts. This results from the asymmetry 
in the distribution of the counterforces about a particle. 

The Null resultant consists, therefore, of a component 
normal to the surfaces across which it acts, expressible 


* By virtue of the Ergodic Hypothesis. R. C. Tolman, 
Statistical Mechanics, pages 39-42. Chem. Cat. Co. N. Y. 
(1927). 
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in terms of the equilibrium spacing, and of a lateral 
component in these surfaces expressing the degree of 
prevailing asymmetry of the Born force distribution. 

Across the principal planes the stress is orthogonal‘). 
Hence, on the average, the Jateral components vanish, 
and the distribution of counterforces is symmetrical about 
the normal. 


IV EQUILIBRIA OF A PAIR OF PARTICLES 


If the equivalent system of counterforces between 
particles is substituted for the system of outside forces 
applied to the body, it is possible to treat the stressed 
body as if it were free. 

The outer resultant in this case includes all the counter- 
forces on a particle of any pair that do not act across 
the symmetry plane of the pair. It vanishes, on the 
average, for all pairs of particles. 

The total force F on either particle then equals, on 
the average, the vectorial sum of the Born resultant R 
and of the counterforces across their symmetry plane; 
that is, the vectorial difference between the Born resultant 
and the Null resultant N across such planes: 

F=R—N 

Hence, on the average, the greatest effect of the stress 
is felt by those pairs whose symmetry planes are orthog- 
onal to either major or minor stress. Across such planes 
Born and Null resultants both act perpendicularly to 
these planes and add algebraically. 

Graphically, the equilibrium spacing of such particle 
pairs is found at the intersection of the curve plotting 
the Born resultant R as a function of the spacing S, and 
of the line of the Null resultant N parallel to the axis of 
the abscissae (Fig. 3). It is seen that when N is negative, 
that is, when the stress across the symmetry plane is 
compressive, invariably only one equilibrium spacing, 
indicated by a, exists. When N is positive, two such 
intersections are found, indicated by a and 8. These 
are equilibrium positions, but they are not necessarily 
stable. 

Stable equilibria are customarily shown in potential 
diagrams plotted in terms of the spacing achieved be- 
tween particle pairs. The potential energy difference E 
of the Born resultant between arbitrary points 1 and 2 
is then 


2 
Rds = E, 
l 
whereas that of the Null resultant is 
2 
Nds = Ns 
1 


Equilibrium is reached when the difference between the 
two potential curves reaches either a minimum or a 
maximum. This condition obtains at the points of tan- 
gency between the curve E and parallels to the curve 
Ns. A minimum constitutes a potential well and describes 
a stable equilibrium; a maximum indicates a potential 
barrier and describes an unstable equilibrium. 

It is immediately seen that in the presence of a nega- 
tive Null resultant a stable equilibrium at a= always 
exists, and that a positive Null resultant invariably intro- 
duces a potential barrier at 8, in addition to a stable 
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Fig. 3. Equilibria of particle pairs. 


equilibrium at a. The height of the energy barrier is 
given by the difference in ordinate between the two 
parallels tangents to curve E, This type of barrier is 
called irreversible because it has a potential well on one 
side only of the potential barrier. Note that this ordinate 
decreases with an increase in the Null resultant. 

It must be observed that these curves are established 
on the assumption that the distribution of the particles 
about the pair remains, on the average, unchanged as 
the spacing between the particles of the pair increases. 
The assumption is not necessarily satisfied at the larger 
spacings because the fluctuations in the spacings between 
other particle pairs may cause interference and introduce 
extraneous particles between the pair. The validity of 
these curves is therefore restricted to those cases in which 
the space between the particles of the pair is vacant. 


V PERTURBATION INDUCED BY 
NEIGHBORING PARTICLES 

Consider all the pairs of particles in a body at the 
instant each achieves a small arbitrary spacing x. The 
neighboring particles that most affect the Born resultants 
of these pairs are understandably those that, on the aver- 
age, are nearest the midpoint between the particles of 
these pairs and have Born forces that attract them to 
such a midpoint. Such neighboring pairs are generally 
orthogonal to them. Consider, therefore, only pairs 
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that are mutually orthogonal and share a common center 
(Fig. 4). As the equilibrium of each pair depends solely 
on the Born and Null resultants across their respective 
symmetry planes, the equilibrium of the two-pair con- 
figuration can also be expressed in terms of these result- 
ants. 











Fig. 4. Diagram of particle quartet. 


It is no longer possible to express, in terms of its 
spacing, the Born resultant across the symmetry plane 
of either pair. Their Born resultant must be obtained 
by a summation of the individual Born forces on one 
of their particles across their associated symmetry plane. 
An exact summation of these forces introduces great 
difficulties in the computation of the equilibria of the 
configuration and is approximated by disregarding all 
Born forces across symmetry planes which involve other 
than the four particles in the configuration. The error 
introduced by such simplification is not important as 
the distance between a particle and the nearest disre- 
garded particle across the symmetry plane is at least 63 
per cent in excess of the equilibrium spacing which, as 
indicated in Fig. 3, does not entail a large Born force‘ .* 
Furthermore, a considerable portion of the error is com- 
pensated for in the determination of equilibria by dis- 
regarding the same Born resultants in each of the two 
pairs. 

Note that the spacing of one pair, together with the 
spacing along the third dimension taken as unity, defines 
a cross-sectional area in the symmetry plane of the other 
associated pair of particles. This area is equal to a unit 
area divided by the number of identical Null resultants 
acting across said unit area. Hence, each Null resultant 
must equal the stress acting across the unit area, mullti- 
plied by the spacing of its associated pair. 

Let the spacings of the two particle pairs and the 
distance between particles of different pairs (Fig. 4) be: 

x 


y=p v= e=—yvpPti 
2 


The Born resultants, according to the geometry in Figure 
4, are: 


* Figure 3 is possibly as good an approximation as any 
of the Born forces between two uncharged particles, when 
viewed in terms of the equilibrium spacing of two par- 
ticles. It is possibly just as good an approximation of 
the normal Born resultant between such particles ex- 
pressed in terms of the Null spacing. 
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and 


p 
R, = f(px) +— f(qx) , 
q 
in which f(s) represents the Born forces indicated in 
Figure 3 at spacing s. 
The Null resultants are: 


N, = pxo, 
and 
N, == Say 
The total force on either particle is then: 
F, = R, — N, 
and 
F, = Ry, — Ny 


In general, the Null resultants are oblique to the Born 
resultants and these subtractions should be vectorial. 
However, these expressions show that the greatest effect 
of the stress is achieved for those configurations aligned 
with the principal stresses. Restricting further considera- 
tion to such configurations, the Null and Born resultants 
are, on the average, collinear. 

The total force F, on the particles of the second pair 
on the average always vanishes: 


F, = Ry — N, = f(px) + oe f(qx) — x0, = 0. (1) 
q 

When the Null resultant V, equals the Born resultant 

R,, the whole configuration is in equilibrium at spacing 

%: 

1 

R, — N, = f(x) + — flqx) — pxo, = 0. (2) 
q 


VI EQUILIBRIA OF A QUARTET 
OF PARTICLES 

Equations (1) and (2) determine the Born resultant 
R, for every arbitrary spacing x between particle pairs 
at equilibrium when subjected to the stress components 
ox and oy. If the components o, and o, could be elimi- 
nated, these equations would determine R, as a function 
of x. 

To this end, express o, and a, in terms of their mean 
o = (ox + oy) /2, sometimes called the mean or scalar 
component of stress, and their deviation from their mean 
t = (oe, — oy) /2, sometimes referred to as the skew 
component of the deviator stress: T = (,, — ;). 

In the absence of any mean component, equations (1 ) 
and (2) become: 


q 
f(px) + — f(qx) = xr 
P 
and 


1 
f(x) + — f(qx) = -pxr 
Pp 
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which, using the equation of Fig. 3, yields: 





p= (Ot Ve) + FO + Va) 








>¥ = pz 
Vv (1 + 1/q8) + p?(1/p® + 1/9°) 
and 
R, R, 12 (1+ 1/q§) (1+ 1/q"*) 
i ee 7 Be “; * 3 2 4 


The potential energy difference between arbitrary points 
1 and 2 is expressed by: 
2 
E, = | r(ydx—- xdy) 
1 
2 
By defining a differential area, A, = | (ydx — xdy), 
1 
the potential energy difference may be written 4s 
E, = | rdA,. In Fig. 5 x, y, +, and E, are all plotted 
ji 
against A, as absc’ssa. The location of the origin for .’, 
and E, is of no consequence. The differential area /', 
expresses the amount of deformation suffered by tie 
initial area as x increases and y decreases. 
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~ hy : pete of particle quartet with skew stress 

In the absence of stress, the equilibria of a configura- 
tion are determined by the intersections of curve 7 with 
the axis of the abscissae, or at the points of tangency to 
curve E, by parallels to the axis of abscissae, at A,, 3, 
and A,. 

In the presence of an arbitrary skew component 11, 
the positions of equilibria are given by the points of 
intersection of the curve 7 with the skew stress 7; parallel 
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to the axis of the abscissae, or by the points of tangency 
to the curve E, by parallels to the skew energy curve 
:,A. For positive r;, the equilibria are indicated as ¢,, 
4, and ay; for negative r, as a,-, B-, and a,-. The 
o's represent potential wells and the f’s reversible po- 
tential barriers. 

The height of these barriers, given by the difference 
ordinate of the parallels to 7,4 or to —1A, is the same 
n both sides of the barriers when the deviator com- 
ment is nil, and the presence of a skew component is 
reducing the height of the barriers on one side while 
i creasing it on the other side. 

In the absence of any skew component, Equations (1) 

d (2) become: 


Pp 

‘ f(px) + — (qx) = xo 
q 

5 d 
1 

j f(x) + — (qx) = pxoe 
q 

7 \ herefrom, using equation in Fig. 3: 


T 6 . 
/ 


(1 + 1/q'*) — p? (1/p™* 4 1/q'*) ; ¥ = px 
V (1 + 1/q8) — p? (1/p® + 1/48) 


@ 


— / 








R, RR, 12 | Q+1/q) (14+1/q"*) 
x y Pp | x8 it 
The potential difference between arbitrary points 1 and 
2 is expressed by: 
2 
E, = | o(ydx + xyd) 
1 
By expressing the area A = | ydx + xdy = xy, E, may 
j, 
be written as 
(2 
E, =| odA 


Ja 
In Fig. 6, x, y, o, and E, are all plotted against A as 
abscissa. The location of the origin for A and E, is of 
no consequence. 
Consider the abscissa A,, the mean stress o;, and the 
potential energy E, at the equilibrium of an arbitrary 
1 


configuration T, having spacings x; and yi. Consider 


05 
then As, oo. and E, of the inverse configuration I, 
°° 


having the former spacings exchanged, that is, x2 = y; 
1.0 and Yy2 = X4. 

Note that: 
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B, The equilibrium equations for the inverse configuration 


are 
Tl 
of 
Hel 









RY OCTOBER, 























T T T - 2.0 
341.5 
ny 
41.0 
2.0 Cc - \“ 
oan ee, 
r) x® x 
1.5 
E. Joan 
2 A= | ydx +xdy) = xy 
y= px 
Co, 
0.5 _ sated 7 
co 
1¢) 
-9, 
0.5 ll: i aaa ae aa 
Eo 
6, 8 Ke c 
= i 
: cea Pe ; 555: A 0 
74 a 
| B4 8 B~ 
| 
| ' — -0.5 
a a 1 | 
~~ ae ae 
Ay f 
. E 
j 1 i 1 . 





-1.0 
A-10H 1-17 R006-67- 384 


Fig. 6. Equilibria of particle quartet with mean stress g. 


and 
X2 
f (x2) > f{(v2) = Y¥202 
v2 
or, written, in terms of x,, ¥; and v, = ve: 
X14 
f(x) + — f(y) = Y¥102 
V1 
and 
y1 
fly1) + — flv) = m2. 
V1 
These equations are identical to those determining o1. 
Hence, o2 = 01, 
and 


| dA = E, 
1 jh , 


It follows that when plotted against A as abscissa, o; 
and E, coincide with o2 and E, The equilibria T, and 


ry, can hence be distinguished only on the x curve, which 
intersects any parallel to the axis of ordinates at two 
points, one being x the other y. 
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The curves o and E, do not exist beyond the point 
C at which x = y and a is indeterminate. To solve the 
indeterminacy, impose the equality x = y, the equations 
for x, o, and E at equilibrium, then simplify to: 


x = Vo = VA, 





17 129 
o, = 12 |— - —}, 
At Ai 
and 
32 129 
Ee, =-2 -— 
° A® As 


which in terms of A as abscissa, are plotted in fine lines 
(Fig. 6). 

For a zero mean stress, the diagrams in Fig. 6 indi- 
cate, then, three equilibria at the intersections of o and 
a, with the axis of abscissae, or at the points of tangency 
to E, and E, by parallels to the axis of abscissae. These 


equilibria are identical to those represented in Figure 
5 for a zero skew stress component except that the middle 
equilibrium B is indicated as a potential barrier in the 
latter and as a potential well in the former. 

It must be noted that Figs. 5 and 6 refer to equilibria 
only and not to the succession of transitory states as- 
sumed by the configuration to reach such equilibria. In 
Fig. 5, the condition ¢, = —cx is imposed. on the states 
in the neighborhood of the equilibria:-in Fig. 6, the 
condition is a, = —o,. These conditions, which are valid 
for the determination of the equilibria, do not hold for 
the transitory states which are free to follow any path. 
The transition from A, to Ay by any path must neces- 
sarily include some configuration in which x = y. Fol- 
lowing the path of transitions in which x and y are main- 
tained equal (represented in Fig. 6) a minimum in po- 
tential energy is reached at B for the free configuration. 
Following the path of transitions from A, to Ay (repre- 
sented in Fig. 5), a maximum in potential energy is 
reached for it at B. The potential configuration 
about B, then, assumes the shape of a potential saddle, 
and B constitutes the lowest potential barrier between A, 
and A, by any neighboring path. 

In the presence of a mean stress o, the equilibria are 
indicated in Fig. 6 at the intersections of ¢ and oo with 
the mean stress o,. If o, is positive they are shown as 
ax, ay, and 8; if negative, as a,—, ay, and B-. They are 
also indicated at the points of tangency to the curves E, 
and E, by parallels to «,;A. The points 8 and B- are the 


potential barriers, the height of which is given by the 
difference in ordinate between the tangents. The barriers 
are symmetric as their height is identical, whether they 
are reached from a, or ay which coincide on Fig. 6. It 
indicates that positive mean stresses decrease, while 
negative mean stresses increase, the barrier heights 
slightly. 

Inspection of Figs. 5 and 6 reveals that for moderate 
stresses the shifting of the positions of equilibrium and 
the change in heights of the energy barriers may be re- 
garded linear as a first approximation. It is therefore 
permissible to make use of the Principle of Superposi- 
tion '*- '8 without introducing significant errors when 
Loth types of stress simultaneously act on a configuration. 
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The changes in spacings and barrier heights produced 
by these components independently may then be added 
to the spacings and barrier heights that prevail in the 
absence of these stresses. 

When both stresses are large, the error introduced by 
superposing their effect is more important, but never- 
theless is not more serious than in the case of super- 
posing the effects of large non-Hookian stresses, a cur- 
rently accepted procedure. The alternative is to neglect 
the lesser effect of the mean stress component. 
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E. C. LEIBIG ELECTED PRESIDENT 

OF CORHART REFRACTORIES 

Edward C. Leibig has 
been elected president of 
Corhart Refractories 
Company, Inc., of Lou s- 
ville, Ky., according to 
an announcement | y 
Frederick S. Thompson, 
chairman of the com- 
pany’s board of directois. 

He succeeds Hugh 
Kline who has been ap- 
pointed field sales man- 
ager of the Television 
Sales Department at 
Corning Glass Works, 

. parent company of the 
E. C. Leibig wholly owned subsidiary. 

Mr. Leibig will continue to serve as general manager 
of the Refractories Division at Corning. He has been a 
member of the Corhart board of directors since last 
spring. 

A ceramic engineer, Mr. Leibig has been associated 
with Corning since 1929 when he joined the company’s 
research laboratory. He has held a number of sales 
and production positions, including management of the 
company’s optical plant and factories at Wellsboro, Pa., 


and Central Falls, R. I. 





0-I MODERNIZES 
MILL DIVISION PLANT 

A contract for modernizing the Jacksonville pulp and 
paperboard mill of the Owens-Illinois Glass Company’s 
Mill Division has been awarded to the construction de- 
partment of Merritt-Chapman & Scott Corporation, of 
New York City. 

An experimental unit for the continuous cooking of 
wood chips—contrasted with the present method of cook- 
ing in separate digesters—is included in the moderniza- 
tion program, C. G. McLaren, of Toledo, O., vice presi- 
dent and general mills and woodlands manager, reported. 
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How Owens-Illinois Uses 2-Way Radio Reporting 


for Inventory Control 


JAMES WALSH, Warehouse Supervisor 


Bridgeton Plant, Owens-Illinois Company 


and 


ANDREW M. HILLIARD, Communications 


Products Department, Radio Corporation of America 


THE OWENS-ILLINOIS Glass Company has put RCA 
way radio to work on its fifty acre Bridgeton, New 
‘rsey, plant in an unique and new way for a positive, 
-to-the-minute record of inventory, stock locations 
< 1d movement of glassware in its seven huge warehouses. 

using this electronic tool almost exclusively for this 
irpose, the company has solved a problem that has 
ig plagued large warehousing organizations. As in 
y normal storage function, stock is constantly on the 
»ve—being shipped to customers, new stock being 
ceived, existing stock being relocated—and an accurate 
ventory record must be maintained for an efficient, 
onomical operation. 

At Owens-Illinois, prior to the installation of the radio 
stem, a voluminous amount of paperwork was re- 
juired to pin-point the location of all glassware in 
siock, yet this system proved ineffectual since it re- 
quired from two to three days after the stock was moved 
before it was actually recorded on the inventory cards. 
As a result, when a pallet operator was directed to a 
specific location to remove a load of bottles for ship- 
ment, quite often the ware was not in the proper loca- 
tion and valuable time and manpower were lost search- 
ing for the “missing” stock. : 
Management had long been concerned with the need 
for a better method of inventory control, and this need 
became more and more pronounced with the steady 
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At end of production line, warehandler stacks cartons of 
glass containers on trailer for removal to warehouse. 
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growth of the Bridgeton plant. The plant had increased 
from a five to an eight furnace operation, production 
was continually climbing, and new warehouses were 
erected to house the three million glass containers stream- 
ing off the production lines daily. After a preliminary 
survey had justified the need for immediate action, 
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Enroute from production line to warehouse, tractor oprator 
radios type and amount of ware in transit. 


George E. Diament, work analyst, and James H. Walsh. 
warehouse supervisor, were tapped by Merle Thompson, 
plant manager, for the job of developing the new sys- 
tem. This combination—a planning expert, and an ex- 
perienced warehousing man familiar with the problems 
involved—proved an excellent choice. 

Both men were well aware of the shortcomings of the 
existing inventory control system. They knew that the 
pallet operators often neglected to submit complete re- 
ports of all stock movements; that there was always the 
possibility of error in preparing these written reports. 
The most important problem to be overcome, however, 
was the time lag before stock movements were actually 
recorded on the inventory cards. 

At this plant Owens-Illinois had had the experience 
with the 2-way radio system being used in the mairiten- 
ance department on five vehicles. After carefully analyz- 
ing the advantages of radio, Messrs. Diament and Walsh 
submitted detailed recommendations for a similar 2-way 
radio system, but one that would be specifically planned 
for inventory reporting. They were convinced that such 
a system would give them a positive method of inventory 
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control—would make it possible for pallet operators to 
radio verbal reports while they were engaged in stock 
movement and would permit instant posting on the 
inventory record cards. 

Since the use of 2-way radio for stock control pur- 
poses was an entirely new concept, management gave 
approval for a three month test of the system. RCA radio 
equipment, specifically designed for materials handling 
vehicles, was selected for the test installation. 

Early in March, 1956, initial tests of the system were 
begun. Carfone mobile units were installed on three 
fork-lift trucks and a fixed station was located in the 
inventory control office. The immediate results were 
quite convincing. Now, when a driver removed ware for 
shipment, he immediately radioed a report of the move- 
ment and the necessary notation was made on the in- 
ventory cards. No longer was there a delay of several 
days before the movement of ware was recorded. Man- 
agement was so impressed with the results of the system 
that they gave quick approval for the installation of 
mobile radio units on the entire fleet of twenty-seven 
fork lifts and tractors. 





Radio control clerks post stock changes as radio reports 
are received. System enables work analyst George Dia- 
ment, at right, to have up-to-the-minute information on 
plant inventory. 


The radio system is always on the air, 24 hours a 
day, seven days a week. Inventory control begins at the 
packaging department where glass containers are car- 
toned and stacked on trailers. A tractor operator moves 
the ware to a specified area in the warehouse and re- 
ports, via radio, to the shift dispatcher. The dispatcher, 
in turn, radios a pallet operator and directs him to the 
storage location. After the ware has been stored in a num- 
bered bay, the pallet operator radios the ‘inventory con- 
trol office and reports the storage location and the type 
and amount of ware stored. A similar reporting pro- 
cedure is followed when the ware is removed for ship- 
ment or relocated in the warehouse. This information is 
then adjusted on the stock cards, and the inventory 
group knows the location of every available foot of un- 
occupied space in all seven warehouses. This facilitates 
quick selection of storage sites for new ware and com- 
pletely eliminates the possibility of unused warehousing 
space. 

Mr. Walsh in discussing the system states, “In addi- 
tion to improving the efficiency of our shipping and ware- 
housing functions, we are now giving better service to 
other plant departments.” 
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As an example, he cited the fast service offered the 
decorating department. Before radio, when the depart- 
ment had an urgent need for a particular type bottle 
to complete a run, they had to track down the shift 
foreman to request additional ware. In a warehousing 
operation of this size, it required considerable legwork 
and the loss of precious time before the foreman was 
located. Now, a quick telephone call to the inventory 
control office, followed by a radioed request for delivery 
of the stock to the decorating department, gets the job 
done fast. 

The accounting department is directly affected by the 
radio system, too. By checking the stock record carcs 
at regular intervals, they have access to production an] 
inventory figures as well as individual production fir- 
ures on which incentive bonuses are based. 

In summarizing the benefits of radio reporting. Georg 
Diameat says, “With our RCA 2-way radio system, w: 
have reduced paperwork and increased our effectiv: 
working time 10 to 30 minutes per man per day. Mor: 
important, however, we now have complete knowledg» 
and control of every piece of glassware in stock.” 


NEW PRODUCT SUPPLANTS 
BRAZILIAN ROCK QUARTZ 

“Kona Super Sand,” a new product combining uniqu: 
properties particularly useful in glass, ceramic an: 
chemical manufacturing, has been introduced to th: 
market by the Industrial Minerals Division of Inte:- 
national Minerals and Chemical Corporation, Chicag« 

According to the manufacturer, “Kona Super Sand 
can be produced in tonnage quantities to meet specifi 
cations calling for a maximum of .005% iron oxide- 
about 20% of the iron content in first quality comme: 
cial glass sand. 

In the manufacture of ray-transmitting and optica 
glasses, it supplants Brazilian rock quartz which was i) 
critical short supply in this country during World War 
Il. 

Other advantages of its new product, according to 
IMC, are: it is lower in cost than the imported materia! 
and offers U. S. users readily-available quantities free 
of foreign trade difficulties. Produced in granular form. 
the sieve analysis is ideal for glass melting sand. 

The sand is processed by International’s Industrial 
Minerals Division at Kona, North Carolina. 


i. O. HILLER, FORMERLY WITH HARTFORD- 
EMPIRE, DIES 

Everett O. Hiller, a retired glass equipment engineer, 
passed away at his Cape Cod home in Centerville, Mas- 
sachusetts on July 2 at the age of seventy four. He 
leaves his wife, two sons and six grandchildren. Mr. 
Hiller was born in Boston in 1882 and graduated from 
Massachusetts Institute of Technology in 1904. After 
a varied engineering experience he joined the Hartford- 
Fairmont Company in 1916 as design engineer, becom 
ing executive engineer of the successor Hartford-Empire 
Company in 1922. He retired in 1950 but continued 
to do consulting work on various enterprises until his 
death. Mr. Hiller is best known to the glass industry for 
his contributions as Chairman of the Committee on 
Ware Testing and Standardization of the former Glass 
Container Association. 
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Fining 
Part II 


A Report of the German Society of Glass Technology prepared for the Symposium on the Fining of 
Glass held in Paris, France, June 1955 and originally published in the March-April 1955 issue of 
Verre et Refractaires 


Translated by GUY E, RINDONE, 
Department of Ceramic Technology, The Pennsylvania 
State University, University Park, Pennsylvania 


Cc. FINING PROCEDURES 
. Chemical Procedures 


The addition of fining agents which react chemically 
ust be considered as the essential way to facilitate 
ning. Among these agents one must take into account 
'| the products which decompose rather rapidly in a 
(-mperature region above that where the batch “melt” is 
fected. The evolution from melting begins at 900°C 
cad continues under normal technical conditions with a 
toad maximum for a rather long time. It is estimated 
tiat the action of the fining agent is such that, at the 
tme when the raw materials have already released a 
lirge part of their gases, the decomposition pressure of 
t ese agents increases suddenly. Under this action either 
new bubbles are formed or, above all, gases originating 
in the glass melt diffuse into the existing bubbles, with 
the result that the latter grow and rise more quickly out 
of the melt. Thus, the previously described expulsion of 
dissolved gases in the glass and the elimination of little 
bubbles are produced. According to Gehlhoff@*, the 
nature of the gases thus liberated by the fining agent plays 
a role because the gas evolution from the melt is not 
ultimately determined by the partial pressure of the gas 
which is already present in the interior of the bubbles. 
Gehlhoff has the advantage of having worked with a 
large number of different gases and states particularly 
that a high proportion of Os enclosed in the bubble is 
necessary for the elimination of CO. from the glass. 

The melted glass without a fining agent is, according 
to Loeffler“, a liquid supersaturated with a large quan- 
tity of gas. The supersaturation is comparable to the 
delay in boiling of heated liquids. The fining agents 
dissolved in the glass melt emit gases at high tempera- 
tures, but, contrary to what happens in the reactions 
forming the glass, there is no delay in boiling, or at 
least, this delay is very little. 

Only materials which can release gases without delay, 
through the formation of boiling bubbles, can act as 
fining agents. Their effectiveness increases proportion- 
ately as their reaction with the glass melt decreases. The 
different behavior of the gases, as far as the delay in 
boiling is concerned—which from experience is consid- 
erable during the reactions forming the glass—could be 
explained according to Loeffler by the different energies 
of formation. Compounds which are formed with the 
liberation of heat, such as fining agents, undergo an 
increasing dissociation when the temperature increases. 
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A part of the external energy is thus used as heat of 
decomposition, as occurs during the boiling of liquids. 
Conversely, compounds which form with the absorption 
of heat are often more stable at a high temperature than 
at a low temperature. This is upheld by the fact that 
glasses highly saturated with gas are often bubble-free 
at high temperatures, but, upon remelting, show a very 
strong release of gas bubbles while the temperature is 
still low. 
According to R. Schmidt *®), the following materials 
are used for fining: 
Nitrates of all kinds (gases released: principally 
oxygen and nitrogen) 
Arsenic trioxide in mixture with saltpeter (gas 
released: oxygen) 


Antimony oxide in mixture with saltpeter (gas 
released: oxygen) 
Peroxides, chlorates, perchlorates (gas released: 


oxygen ) 

Sulphates, especially NaoSO, (gas released: SOs), 
and the same for sulphur 

Halogens 1. Chlorides (almost total evaporation) * ; 
2. Fluorides (gas released: F» or SiF;) 

Ammonium salts (total evaporation) 

Their large number shows clearly that there is no 
universal fining agent, for their action is determined: 

—by the fusion point and by their decomposition 
temperature; thus, by the temperature or the range of 
temperatures in which they prdouce the release of gas 
active in fining; 

—by the influence of different elements of the batch 
on the decomposition temperatures; 

—by the viscosity of the glass at the time of the 
fining process, to which the fining agent must be especi- 
ally adapted. 

Characteristics common to all fining agents: 

—They have their full effectiveness only when the 
high temperatures required by fining are realized in the 
furnace; 

—Only a well determined quantity of a fining agent 
must be used to realize fining under the best conditions. 

If in a batch several fining agents are used simul- 
taneously, there will be additive effects only if they do 
not mutually counteract themselves chemically, and if, 
by their common action, they do not cause a gas release 
surpassing the degree required to obtain the best fining. 


* Loeffler has found, on the contrary, up to 2.2 per 
cent NaCl in the glass after fining. 
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The chemistry of the individual phenomena occurring 
during the fining has been diversely described. One is 
indebted for studies in fining with sulphates principally 
to Stanworth and Turner“® as well as to Jebsen-Mar- 
wedel‘?!: 37, 2,4). The most important work on fining 
with arsenic is due to Turner and his collaborators®”. 
A comprehensive study of fining agents emitting oxygen 
has been made by Kuhl, Rudow and Weyl). A work 
on the action of different fining agents has been presented 
by Gehlhoff and his collaborators‘**). In addition, one 
must note some less important works on different fining 
agents 1! 39, 40, 41) as well as Schmidt’s resume‘). The 
phenomena have been presented by Jebsen-Warwedel 
in the form of a table. This table (see Table 1) also shows 
the phenomena producing gas evolution in the glass dur- 
ing fusion, because gases which are still available in the 
melt play a role in fining, and the melting reactions are 
not necessarily terminated at the time fining begins. 

It must be again pointed out that all these reactions 
in glass develop slowly and are subject as much to the 
temperature as to the concentration relationships. It is 
essential to consider that the elimination of gases is a 
consequence of the rise in temperature, but that, be- 
cause of the slowness in establishing the equilibrium, a 
certain delay is produced. The equilibrium temperature 
is at least 100°C lower than the temperature actually 
attained by the glass melt. 


(a) Sodium Sulphate and Other Sulphates 


The most used fining agent is NasSO,, the decomposi- 
tion of which begins at about 1200°C and does not be- 
come rapid until about 1350°C. The following reactions 
take place: 


Na2SO, + n SiO. = NavO.n Sid. + SO, 
SO; decomposes immediately as follows: 


280; = So. + O2 


This reaction has a fundamental action in the fining of 
glass. In addition, the reduction by the furnace gas or 
eventually by carbon plays a role: 


SO, + co = SO. = CO. 
and 2SO; + C = 280. + CO. 


When the sulphate is added only for fining, one usually 
works without the addition of carbon. But with drawn 
flat glass and bottle glass of a green coloration, a part 
of the high quantity of Na2O is introduced as the sul- 
phate, so that carbon must be added to the batch. It is for 
this reason that it is also interesting to consider the pure 
and simple addition of sulphates and the work with sul- 
phate and carbon. From the point of view of fining, a 
large quantity of sulphate with the addition of carbon 
acts like a small quantity of sulphate without carbon. 
The part of the sulphate which is already chemically 
reduced during fusion, remains without influence on the 
fining, for the gases released by it escape immediately 
into the furnace atmosphere, as Stanworth and Turner ‘*°) 
and also Jebsen-Marwedel“) have shown. Jebsen-Mar- 
wedel, who very thoroughly studied melts with a large 
addition of sulphate (glasses with sulphate), affirms 
that freshly melted glasses contain about 0.8 to 1 per 
cent SO;. This amount must be reduced to about 0.4 
per cent in order to guard against the danger of a de- 
composition and an ultimate formation of bubbles. 
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The quantity of gas remaining was still higher, for a 
proportion of 0.1 per cent SO; corresponds to 70 per 
cent (by volume) of the glass, and a proportion of 0.4 
per cent showed itself in practice to be intolerable. 

The furnace atmosphere has a decisive influence on 
the decrease of the SO; content. A reducing furnace at- 
mosphere is used until the amount of gas in the glass 
melt is brought to a content lower than 0.4 per cent 
Then an oxidizing atmosphere is used, for the greater 
combustion costs necessitated by a reducing atmosphere, 
unfavorable from the thermal point of view, would not | 
justified by the rather mediocre results that it provides. 

To show the considerable influence of a reducing at- 
mosphere, it is necessary to point out that, in a test fur- 
nace“), a decrease of 0.3 per cent in the gas content ob- 
tained in 4 hours with a reducing atmosphere coui' 
only be obtained in 18 hours with an oxidizing atmo:- 
phere, the temperature remaining the same in the tw» 
cases. From these tests, a result analogous to that pre- 
duced by the action of a reducing atmosphere could b» 
obtained only by an elevation in temperature of mor 
than 100°C. The results of this research are shown by 
“chemical fining diagram”. When Jebsen-Marwedel “ 
affirms that the diffusion of SOs into the free furnac 
atmosphere—without passing through the intermediat 
stage of bubble formation—plays a decisive part wit! 
respect to the gas release from a melt with sulphate, h: 
takes as a basis, on one hand, the above mentioned ob 
servations concerning the great influence which the fur 
nace atmosphere exercises on the release of SO3, and 
on the other hand, the technical possibilities of releasin; 
bubbles out of the glass. He compares, in particular, th: 
volume of gas which is released (0.5 per cent SO. 
ascribed to the glass — 100) to the large number 0: 
bubbles that he has found at the same time in a mel 
(a number corresponding to a 10 per cent proportior 
of bubbles, by volume), and, taking into account the 
calculated rising speed, he found that the quantity o/ 
SO; which actually is released from the melted glass 
batch does not, by far, escape through the bubbles. In 
order to explain the “replenishment” with SO; from 
layers which are not in the immediate vicinity of the 
surface, he attributes this to a displacement of currents in 
the outer region of the glass, thus causing a frequent re- 
newal of the upper layer itself. 

Although gas supersaturation or the delayed estab- 
lishment of the equilibrium are much less to be con- 
sidered in the case of sulphurous gas than with the other 
gases, there exists, to no lesser extent, the danger, due 
to different causes, of the formation of bubbles by SO; 
at the time of a reheating. It is possible, for example. 
that well fined sulphur glasses still retain SO; during 
cooling, such as when cooling takes place in an oxidizing 
atmosphere and when, in this latter case, sulphur from 
combustible gases is present. At the time of reheating 
these glasses, bubbles can appear. 

In addition, the following phenomenon, called “in- 
ternal reaction” by Jebsen-Marwedel), can be pro- 
duced: 3SO, + NasS = Na2»O + 480.2. 

This reaction is produced when, at the time of the 
fusion, a sulphide is formed by an “over-reduction” 
(recognizable by the yellow coloration of the glass). In 
the course of their path, these sulphides almost always 
find the opportunity to react with SOs, in conformity with 
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Table I 








Details 











Oz is largely absorbed 
by the glass. No is 
released 


From moisture in the 
batch or raw materials 
containing water of 
crystallization, 
temporarily retained by 
the flow of glass 








Possibility of forming — 
small delayed bubbles. 
Equally by dissolution 


j of Al.O, 


Only small quantities 
remain in the glass 


Method of 
Degassing Phenomenon Reaction _ 
1. Release of air from OsfNof 
the unsintered batch 
Mechanical 2. Release of water H.OTf Fre 
vapor 
3. Evolution of gas 2Si0.+2Na,SO, — 
by dissolution of 2Na2SiO; + Ocf 
sy the stable acid residues + 2SO0-T 
phenomenon of (SiOz) Sd a 
srogressive 4. Release of carbon Nao-, Ko-, Ca-. 
‘issolution dioxides from the Mg-, etc. CO; = 
carbonates Ri2,0 + COs 





'y raising 
the 


temperature 


By 
raising the 
temperature 


By 
raising the 
temperature 


2. see above 





5. Release of oxides 
of sulphur from 
sulphates 


6. Decomposition of 
saltpeter with K, Na 
or Ca 


7. Release of oxygen 


from higher oxides 
(see oxides or sulfur) 


2Na.SO, = 2Na,0 + 
2SO.t+ Oot 


~ 4KNO;, = 2K.0 + 


2No + 50cf 


SO. and O» appear. Up 


to 1% retained in glass. 
A large part is released, 
reduced chemically with- 
out formation of bubbles depending strongly on 


at the surface 


strong oxidizing action 
5 5 


2Pb,0, = 6PbO + Oof Formation of silicates 


a) 2KNO; + AseOz 
= As20; + KO + 
NO + O2 

b) CeO. = 2Ce.0, 
+ Os 

4CeO2 = 2Ce.0; + 
Oz 

4MnO> —_ 2Mn>0, 
+ Oof 





8. Complete or 
partial vaporizations 
of added volatile 


products 


9. Release of oxygen 


from: 

peroxides 
chlorates 
perchlorates 
perborates 
barium peroxide 


NaClt NH,CIt 
( NH, ) 2CO;"H,Of 
NH,NOsf (NH 4) 2SOqt 


~ 2Na202(BaO2) = 


2Na20(BaO) + Oof 
NaCl0O3(KCIO;) 
NaClO,-H2O 
NaBO;:4H.O 

2BaO2 = 2BaO + 0. 
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with the release of Oo 


Retention of oxygen 
from saltpeter, then 
decomposition of 


AsoO; 


CesO0s can also retain 
new oxygen 

Dissolved in the glass 
melt as manganese 
silicate and oxide, like- 
wise carbon, sulfides 
and iron silicate (pro- 
toxide) 


In compounds with NH 
especially free NH; 
is produced 


Secondary reactions of 
important oxidation 
phenomena. With 
simultaneous evapora- 
tion of chlorides 


Temperature Regions 


~1200°C and above 


Decomposition with a 


Approximate | 


















































Normally by thermal ex- 

pansion, expulsion by 
other gases, “flushing”, 

sweeping away, etc. | 
Normally at the time of 

raising the temperature | 
or at the decomposition 

temperature 


Reaction in the solid 
state in the presence | 
of SiO. at 400°C and 


above 


Above about 1200- 
1220°C. With SiO» 
1100°C and above, 
rapid about 1300°C, 


furnace atmosphere 
“Between 500 and 800°C 
Between 1000 and 


1200°C 


1200°C and ‘above 


1350-1400°C following 
saturation with CeO» 


; Begins about 530°C 





Varies | 
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Table I (continued) 








Method of Approximate 
Degassing Phenomenon Reaction Details Temperature Regions 
10. Formation of gas 2S0; + C = 2802f + Source of trouble for Depends on the furnace 
by internal reactions CO.t; SO; + CO = _ the evolution of bub- _ atmosphere and the 
with the oxides of SO.f + COT; S + bles with sulfate melted oxygen “balance” of 
By sulfur 2S0; = 3SOcT glasses, particularly glass during melting 
Chemical carbon yellow glasses 
Reactions (sulfur ambers) oss 
11. Decomposition of ~ 2CaF. + Si0.— In part secondary 200°C and above 
Halide 2CaO + SiF, phenomena during 
NaeSify = 2NaF + melting of opal 
SiF sf glasses (fluxes) 


NaF = Na+ Ff 


NaCl(NaF) + H.O = 990°C and above 


Na2O + HCI(HF) 





the preceding equation, so that bubbles of SO» appear. 

Dietzel‘) makes reference to another peculiarity of a 
glass melted with sulphates. Among the suppositions con- 
cerning fining without bubbles, it is necessary to in- 
clude that of the reabsorption of gases by the glass in the 
course of cooling (for example the reabsorption of the 
gas in the little bubbles). Being given that, in sulphate 
fining, two gases are emitted: SO. and Os, a regression 
without sulphate bubbles can be possible only when they 
diffuse under the same conditions throughout the glass, 
in the atmosphere or in the space enclosed in the bub- 
bles: Dietzel shows by theoretical structural considera- 
tions (molecular diameter and charge) that O» diffuses 
quicker than SO2, so that there is produced a variation 
of their proportions and that with a delayed fining, 
bubbles are easily formed. 

The importance of a reducing atmosphere has been 
explained by Manring“*?) by citing some examples from 
industrial practice. He shows the possibilities of acci- 
dents to technical procedures of working and heating. 

Moreover Jebsen-Marwedel“ calls attention to the 
relationships between the amounts of SiO. and of SO. 
He is of the opinion that, in normal technical conditions, 
SOs is released more quickly when the amount of SiO» 
increases. He has found that for an increase of 1 per 
cent in the amount of SiO», the release of SO; is increased 
by 0.03 per cent. 

Schmidt‘) recommends working with about 1 to 1.5 
kg of sulphate for 100 kg of sand, which corresponds to 
about 0.3-0.5 per cent NavO in the finished glass com- 
ing from the sulphate. In order to be sure to avoid the 
formation of scum, he insists that an addition of carbon 
equal to 6.3 per cent by weight of the sulphate (which 
represents 114 times the quantity theoretically necessary 
for reduction) is necessary. The necessary quantities de- 
pend strictly on the operation of the furnace, so that one 
cannot formulate general prescriptions. 

With glasses which are to be decolorized with selen- 
ium, the sulphate quantity must not be too great, or the 
decolorization can suffer from it. 

In the case of glasses which are to be decolorized, one 
often uses a mixture of sulphate and saltpeter as a fining 
agent. The sulphate prevents, then, by its rapid release 
of oxygen, a premature decomposition of the saltpeter 
considered as a principal “furnisher” of oxygen. 
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Besides sodium sulphate, barium sulphate is also use: 
as a fining agent‘*®), Other sulphates (K, Mg, Ce, Al) 
can, according to Schmidt‘) be used separately a 
fining agents. 


(b) Saltpeter, Arsenious Anhydride, Antimony Oxid 


Aside from the sulphates, sodium nitrate, arsenic an: 
antimony are the most important fining agents. Th: 
potassium nitrate generally used decomposes at temper 
atures lower than 800°C; the following reactions tak: 
place: 


2KNO, = 2KNO.2 + Ono; 
4KNO, = 2K,0 + 2Ne + 302 


Because of its low decomposition temperature sodiun 
nitrate cannot be used alone for fining. It is used with 
the sulphate (see above) or with arsenious anhydride 01 
of antimony oxide. Sodium nitrate is considered as a 
stabilizer for the materials named in the last place. 

H. Kuhl and his collaborators*) have confirmed ex 
perimentally the theory of O. Schott, defended also by 
Zschimmer‘**), according to which the arsenious an 
hydride retains, at the time of fusion, the oxygen coming 
from the saltpeter and becomes As2O;. This oxygen, thus 
placed in reserve, is emitted at higher temperatures and 
acts as a fining agent. 

Thus one has: 


2KNO; + As2O3 = As20; + K20 + NO + On; 
AsoO; aro AsoO, i Oz 


The theory of Salaquarda“**) who suggests a dissoci- 
ation of the arsenious anhydride and an evaporation of 
the arsenic as thus dissociated, can today be considered 
as out-moded. In the place of the arsenious anhydride. 
one also uses antimony oxide with the sodium nitrate. 
principally when one wants to avoid sensitivity of the 
glass to light caused by the arsenic. 


(c) Other fining Agents 


In addition to the materials already considered, one 
uses as fining agents cerium oxide, and, in addition, the 
chlorides (for example NaCl), the fluorides, the am- 
monium salts, the peroxides, the chlorates and perchlor- 
ates‘), Information on the «areas of their use and 
sometimes contradictory results thus obtained up t 
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Quantity Used 
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Equivalent Proportions of 

















weight of batch, cor- 
responding to 0.3- 

0.5% of the NasO in 
the glass 


‘erium Oxide 





; 0.5: the smallest res 








ihe present are found in studies by Gehlhoff*) and 
Schmidt °), 


(d) View of the Whole Problem 


Table II gives data on the use of the different fining 
agents, in particular on the quantities necessary for 
each of them, 


2. Physical Processes 
It is normal to try to help or even to replace the 
chemical action of the fining agents by physical proc- 
esses. A glance at these latter processes permits one to 
realize their great diversity. When one considers equally, 
alongside the technical processes used, those which ar« 
proposed in the technical literature, one has the follow- 
ing table: 
\cceleration of fining by physical means: 
(a) decreasing of the viscosity of the glass (thermally 
or chemically) ; 
thermal shock, according to Zschimmer; 
mechanical agitation (stirring), introduction of 
gas, sonic and ultrasonic vibrations; 
(d) use of pressure or of vacuum: 
, (e) by rough surfaces; 
(f) by devitrification; 


f (b) 
1 (c) 


(g) by influencing the glass currents. 

(a) The first process named, the decrease of the vis- 
e cosity, is used for all fining. The temperature is raised 
¢ as high as is permissible, not only to cause a gas release 


- as a result of a decreased solubility of the gases in this 
range of temperatures, but at the same time to facilitate 
the exit of bubbles thanks to a lower viscosity. One can, 
in addition, expect to realize a decrease of the viscosity 
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OCTOBER, 


en alone or +NaNO, ans 


Ce.0; effective quantity 
able salt 2 to 5 Kg Alone 
NaCl 











Fining Agent kg/100kg sand Batch Different Nitrates 

Nitrates 3-4 with soda-lime + half the amount of Na K Ba 
KNOs; glasses sulfate 1.0 1.2 1.5 
NaNO; 4-6 with lead glasses 0.85 1.0 1.25 
Ba(NOs) 2 _ RS. ee 1.0 

\rsenious 0.3 -0.5 +1.5 to 3.5 Kg NaNO; Vaporization: 10-50% especially desig- 

(Anhydride nated for glasses containing Al2O3 
As203 re ah ee ae ees id a 

\ntimony 0.3 - 0.5 + amount of saltpeter Weaker action than that of arsenic 

)xide 4 to 8 times greater trioxide 
Sb203; tt Se NA oe ome See ae 

sodium Sulphate 1.0-1.5 (very narrow Alone or +0.7 to Quantities exceeding that for fining must 
Na2SO, region) 1.7-1.2% by 1.5 Kg KNO; be reduced by 4 to 6% carbon. 


Glasses containing alumina have a ten- 
dency to foam. 


Greater quantities than 1% have a ten- 
dency to produce foam. 

Especially for carbon yellow glasses. 
(See Egeler‘®*)). 


by means of chemical products. 

(b) In the same sense, one finds the proposition of 
Zschimmer and his collaborators‘*®) of causing a ther- 
mal shock to intervene during fining with sodium sul- 
phate. He proposes, for example, a sudden heating of 
from 1350 to 1500°C and a rapid cooling to 1300°C. 
Thus one assures a quick and intense gas evolution. 
while, at the same time of the rapid cooling, all new 
release of SO3 is stopped. Dietzel) presumes that the 
gaseous emission, at the time of a rapid rise in tempera- 
ture, causes a new formation of numerous bubbles so 
that the lengths of time of diffusion are shortened and so 
that the separation of SO2 and Oz mentioned above is 
voided. 

(c) Among the fining processes which use mechanical 
agitation of the glass melt, stirring which is still used 
in numerous factories having pot furnaces must be men- 
tioned. The active agitation which it causes has as a con- 
sequence the formation anew of numerous bubbles; that 
is, the decrease of gas supersaturation and even, in ex- 
treme cases, of making the glass “foam”. In addition, 
one profits from a homogenization effect. 

In this way, it has been thought for a long time of 
realizing fining by the introduction of gas, for example 
nitrogen or carbon dioxide, in the glass melt. It is thus 
attempted to transfer the role of the fining agents, which 
evolve bubbles, to a device which, insofar as the place 
and time of its reaction is concerned, is independent of the 
chemical reactions in the glass melt. There are great 
difficulties in choosing and giving the dosage of the 
fining agents in such a way that the bubbles are evolved 
at the desired time and at a fixed place in the furnace in 


(Continued on page 576) 
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Inventions and Inventors 





Annealing and Tempering 


Method of Glass Coloration and Article Produced 
Thereby. Patent No. 2,779,688. Filed December 28, 1953. 
Issued Jan. 29, 1957. No drawings. Assigned to Corning 
Glass Works by Martin E. Nordberg. 

This invention relates to the coloration of high-silica 
glasses in accordance with the teaching disclosed in 
Patent No 2,303,756 by Harold E. Rumenapp and Mar- 
tin E. Nordberg. 

The invention comprises: contacting an area of the 
surface of the article with a solution of the inorganic 
glass-coloring agent to absorb the solution into the 
pores of such area and impregnate a layer therewith 
while leaving the pores farther in from the surface un- 
impregnated; ceasing such impregnation with such solu- 
tion; immediately thereafter continuing impregnation of 
the article with a volatile liquid such as water until the 
solution in such layer has been moved by capillary action 
farther into the glass; and then drying the article and 
firing without fusion to close the drying and incorporate 
the glass-coloring agent within the glass. 

Instead of being impregnated throughout with the 
glass-coloring agent, the porous glass article, according 
to the present method, is impregnated therewith only 
in a thin layer inward from its surface. Such colored 
impregnated layer lies between a clear or uncolored im- 
pregnated layer at the surface and the unimpregnated 
central portion of the article. The provision of a layer 
at the surface of the porous glass article containing only 
a volatile liquid or solvent such as water and forming 
a boundary of the internal layer containing the solution 
of the glass-coloring agent prevents diffusion of the 
glass-coloring agent to the surface of the article during 
drying and avoids uneven distribution thereof at its 
surface. 

Glass of a deep shade of red is made by impregnating 
a plate of the above porous glass about 4 mm. thick by 
immersing it for about 60 seconds in an aqueous solu- 
tion consisting of 150 gm. Fe2(NO;);.9H2O, 150 gm 
Ni(NO;)2.6H20, 150 gm. Als(NOs)3.9H20, 100 ce. 
HNO, (1.42 Be) and water sufficient to make one liter 
of solution. The impregnated plate is transferred and 
immersed in pure water for about 60 seconds, from which 
it is then removed and dried in a chamber heated at 
60-80° C. and subsequently fired without fusion to close 
the pores and consolidate the glass. 

The following references were cited in this patent: 
1,353,599, Lovell, Sept. 21, 1920; 2,355,746, Nordberg 
et al., Aug. 15, 1944; 2,522,524, Lukes, Sept. 19, 1950; 
and 2,582,919, Biefeld, Jan. 15, 1952. 


Feeding and Forming 


Feeding Vitrifiable Materials Into Glass Furnaces. 
Patent No. 2,773,611. Filed August 4, 1949. Issued De- 
cember 11, 1956. One sheet of drawings; none repro- 
duced. Assigned to Union des Verreries Mecaniques 
Belges S. A. by Georges Leon Henry and Edgard Bri- 
chard. 
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It has been found that it is sometimes advantageous 
not to mix all the vitrifiable materials prior to their 
introduction into the furnace. For example, it may be 
advantageous if the glass scrap (or cullet) is not mixed 
with the other materials as is generally the case, and, 
instead, on the one hand an intimate mixture of al! 
the other materials, and on the other hand, the cullet 
in pieces of suitable dimensions, are fed into the furnac« 
in two distinct superposed layers. 

It is also possible, with a view to obtaining heteroge 
neous glass having a decorative character, to add fusibk 
materials of different coloration or texture from the basi: 
glass in such a manner that they do not mix completely 
with the basic glass during the melting. 

The object of the present invention is to provide ai 
improved method and means for feeding such sub 
stances into the furnace in two or more continuous super 
posed sheets. For this purpose, in addition to the ma 
terials directly subjected in the known manner to th: 
impulse imparted to them by a mechanical device by 
which they are carried forward in the form of a sheet 
materials are introduced into the furnace by depositin; 
them on the surface of the molten glass bath at one o: 
more points at which the glass participates in the move 
ment of the sheet. These materials are distributed by 
means of additional hoppers which can be situated i: 
front, on the sides and/or to the rear of the mechanica 
driving device. 

There were 6 claims and the following references citec 
in this patent: 1,623,057, Kingsley, Apr. 5, 1927; 2,284, 
398, Kutchka, May 26, 1942; 2,711,837, Henry et al.. 
June 28, 1955: and 466,139, Belgium, June 22. 1946. 


Furnaces 


Forehearth Structure. Fig. 1. Patent No. 2,767,518. 
Filed January 13, 1953. Issued October 23, 1956. Two 
sheets of drawings; one reproduced. Assigned to U.S.A. 
by Arthur W. Schmid. 

Some of the difficulties encountered in the feeding of 
glass is the maintenance of suitable temperatures and the 
prevention of stagnation which results when some of the 
glass accumulates along the walls of the forehearth due to 
improper circulation and temperature controls. 

In this invention the glass is fed from the tank (See 
Fig. 1) and passes under a skimmer block into the 
trough 5 where it is subjected to the heat of the series 
of burners which are of a special design that does not 
constitute a part of the present invention. The burners 
function to extend the burner flame downward to the up- 
per edge of the trough 5 to maintain the glass in channel 
5 at a temperature that provides for constant circulation 
or movement of the glass along the edges of the channe! 
to prevent devitrification. In doing this, however, the 
glass in the center of the channel may be heated excessive 
ly, and for this reason a blast of cold air is supplied 
through the refractory tubes 15 to the center of the glass 
channel above the surface of the glass. 

The cooling air from tubes 15 and the products of com- 
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bustion from the burner 13 pass out of the treating 
chamber 17 through the flues 12, and by regulating the 
heat of the burners and the supply of cooling air together 
with the degree of opening of the flues 12 controlled by 
the damper blocks 21, a suitable heating condition can be 
maintained throughout the length of the forehearth. As 
the glass is being fed from the orifice (not shown) it 
exerts a constant pull through the forehearth channel 
5 and when the glass is delivered to the conditioning 
zone, its temperature conditions are properly maintained 
by the series of burners in that zone. A burner manifold 
above the feeder boot further prevents cooling of the 
glass which is maintained preferably in a swirling motion 
to assure that the glass is of a uniform temperature and 
quality when it reaches the feeding orifice. 

The following references were cited: 1,893,061, Peiler, 
Jan. 3, 1933; 1,970,094, Honiss, Aug. 14, 1934; 1,970,- 
113, Wardley, Aug. 14, 1934; 2,139,770, Peiler, Dec. 
13, 1938; 2,144,973, Honiss, Jan. 24, 1939; 2,226,498, 
Koob, Dec. 24, 1940; 2,299,084, Ferngren, Oct. 20, 
1942; 2,616,380, Griffin, Nov. 2, 1952; and 2,618,906, 
Hess, Nov. 25, 1952. 


Glass Compositions 


Optical Glass and Its Production. Patent No. 2,763,559. 
Filed November 6, 1951. Issued September 18, 1956. 
No sheets of drawings. Assigned to Ernst Leitz, G.m.b.H., 
Wetzlar (Lahn), by Gustav Weissenberg, et.al. 

The invention relates to an optical glass consisting 
essentially of tellurium oxide and aluminum oxide. 
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A glass may be formed approximately 93.5 per cent 
of (TeOz) and 6.5 per cent of aluminum oxide (Al.03), 
the mol proportions of tellurium oxide to aluminum 
oxide being in this case 9 to 1. The glass consists 
essentially of a melt of tellurium oxide and aluminum 
oxide and it may also contain slight or small amounts 
of oxides, or of fluorides, which decompose to oxides 
in the melt. Examples of such additional substances are 
fluorides of lithium, calcium, strontium and barium, and 
the oxides of silicon and alkaline metals, such as sodium, 
and the oxides of lanthanum, zinc, indium, titanium, 
thallium, tantalun, germanium, tungsten and bismuth. 
Such additional substances used in relatively small 
amounts do not affect the optical properties of the glass. 

Examples of typical glasses together with their optical 
properties are shown in the table given below. 

There were 2 claims and the following references cited 
in this patent: 1,995,952, Taylor, Mar. 26, 1935; 2,413,- 
441, Feichter, Dec. 31, 1946; 360,342, Germany, 1922; 
and 44,373, France, 1934. Other references: Journal 
American Ceramic Society, 30 (1947), pp. 277-281; 
and Norton: Elements of Ceramics (1952), pp. 148-150 
and 155. 


Glass Wool and Fiber 

Glass Fiber Bearing. Fig. 2. Patent No. 2,734,785. Filed 
June 19, 1953. Issued Feb. 14, 1956. 3 pages drawings. 
Assigned L. O. F. Glass Fibers Co. by H. A. Toulmin, Jr. 

This invention relates to bearings for rotating mem- 
bers for sustaining both radial and axial loads thereon 
ard relates, in particular, to bearing elements of this 
nature constructed of glass fibers. 

As will be seen in Fig- 
ure 2, the projection 34 
provides for a compress- 
ing of the bearing ele- 
ment as it turns beneath 
the projection while on 
the opposite side of the 
bearing recess, when the 
bearing passes over axial 
30, there is at 
least a slight expansion 
of the bearing element. 
The net result of the ex- 
pansion and contraction of the bearing element as it 
rotates within the bearing recess is to bring about a 
pumping or breathing action of the porous glass fiber 
bearing element which pumps lubricant about within 
the bearing recess so that adequate lubrication of all 
parts thereof are had at all times, and an extremely 
efficient cooling of the bearing surface takes place. The 
element illustrated in Fig. 2 is thus capable of sustaining 





groove 


Fig. 2 





Percent by Weight in Runs 


Melt No. TeO2 1iF CaF, Srfo 
E 345 88.5 4.4 
E 350 82.5 8.3 
W 148/E 349 87.0 4.3 
E 356 75.6 152 
E 354 82.5 8.3 
E 362 59.5 
E 361 65.8 
W 151/E 359 83.0 
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BaF» SiO. AlsOz Na,Oo Na Vv 
1.0 6.2 1.944 21.8 
1.0 6.6 1.6 1.895 26.6 
1.0 6.1 1.8 1.985 23.4 
1.0 6.1 Le 1.884 23.7 
1.0 6.6 1.6 1.904 23.4 
31.8 1.0 6.5 } Ee 1.833 25.7 
26.7 1.0 6.2 1.0 1.833 23.4 
8.3 1.0 6.3 1.€ 1.930 22.4 
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heavy loads and under conditions of high speeds and 
will operate for a prolonged time with a minimum amount 
of lubrication and satisfactory results will be obtained. 

There were 20 claims and the following references 
were cited in this patent: 2,219,054, Palm, Oct. 22, 1940; 
2,571,235, Hamer, Oct. 16, 1951; and 2,600,843, Bush, 
June 17, 1952. 


Fiberizing Refractory Materials. Fig 3. Patent No. 
2,714,622. Filed March 3, 1953. Issued August 2, 1955. 
Two sheets of drawings. Assigned to The Carborundum 
Company by John C. McMullen. 

It has been found that molten refractory material 
can be released in a continuous uniform stream by 
gravity flow through a cooled orifice after applying heat 
in an area adjacent to the releasing orifice by means of 
an arc-heating electrode positioned adjacent to the orifice. 














Fig. 3 


As shown in Fig. 3, raw refractory material is added 
to the furnace during pouring in sufficient amounts to 
maintain the level of the molten refractory material 23 
sufficiently above the release orifice block 24 during 
release by gravity of a substantially vertical stream of 
the molten refractory material 23. Solidified refractory 
material 38 acts as thermal insulation and electrical 
insulation for the furnace 20 and forehearth 22. The 
orifice block 24 is cooled by water or some other fluid 
introduced through tubing 25 into a cooling duct 33 in 
the orifice block 24. A temperature control arc-heating 
electrode 28 depends from above into the molten mate- 
rial in the forehearth 22 and is positioned adjacent and 
directly over the orifice 29 in the orifice block 24 so 
that the heat will be applied to the molten refractory 
material in an area adjacent to the orifice, thereby heat- 
ing the material just prior to its passing through the 
orifice. The molten refractory material is superheated 
sufficiently above its solidifying temperature so that it 
will pass through the cooled orifice 29 without solidify- 
ing and plugging up the orifice and so that it will be 
at the correct temperature for subsequent fiberizing. 

For fiberizing refractory material in accordance with 
the present invention, the stream of molten material 
should be preferably at least 44 inch in diameter, and 
must be at least 14 inch in diameter. There were 12 
claims and 16 references cited in this patent. 


Sheet and Plate Glass 


Explosion Resisting Window. Fig. 4. Patent No. 


2,721,157. Filed January 5, 1953. Issued October 18, 
1955. One sheet of drawings. Assigned to Pittsburgh 
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Plate Glass Company by T. P. Martin, and O. D. Engle- 
hart. 

This invention relates to windows of the type that are 
adapted to resist and/or withstand the disruptive effect 
of high air pressures such as explosive forces, storms 
and the like. 

As seen in Fig. 4 the 
window is formed of sep- 
arate segments that are 
interconnected by a flex- 
ible tape or band, the 
segments can flex inward 
ly around axes substan 
tially coincident with the 
perimeter of the window 
pane. The slits 21 in the 
tape 19 provide opening: 
through which air car 
: flow to relieve partially 
Fig. 4 . 

the pressure differenc« 
across the window pane. Moreover, when the segments 
flex inwardly the slits 21 are stretched, and hence, a: 
the segments flex inwardly, the total area of the opening: 
available for air flow through the tape 19 increases 
correspondingly. 

It has been found by tests that such windows are abl 
to withstand substantial differertial pressures (10 lbs. 
in.*) without failure. By utilizing the independent seg 
ments of laminated glass interconnected by a yieldable 
and preferably resilient material, (vulcanized rubber 
tape) shattering of the window and flying glass are 
substantially prevented. In the event that the window 
fails, it will fail by tearing of the yieldable material. 
Even if the window fails it can be readily repaired by 
epplying new elastic tape. 

There were 7 claims and the following references cited 
in this patent: 2.202.690, Fix, May 28, 1940; 2,300,506. 
Kamerer, Nov. 3, 1942; 2,342,758, Saunders, Feb. 29, 
1944; 2,382,963, Dodge, Aug. 21, 1945; and 2,679,467. 
Sherts, May 25, 1954. 


























Glass Rolling Apparatus. Fig. 5. Patent No. 2,729,581. 
Filed November 19, 1954. Issued January 3, 1956. Two 
sheets of drawings. Assigned to Ford Motor Company 
by George Pascoe and George Matvechuk. 

This invention is specifically concerned with a process 
for simultaneously rolling pairs of sheets of plate glass 
preparatory to the production of curved laminated auto- 
motive glass. 

Any attempt to roll a “wrap-around” windshield 











Fig. 5 
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through ordinary cylindrical rollers is frustrated by the 
fact that that portion of the rolls treating the lower 
portion of the windshield must travel a longer distance 
than that portion of the rolls treating the upper portion 
of the windshield due to the peculiar geometry of this 
structure. The structure has been further modified be- 
cause of the necessity of avoiding the application of an 
angular torque to the leading and trailing end of the 
windshield as it enters and leaves the rolls. 

The sequence of action in the rolling of a windshield 
can be seen from a consideration of Figure 5. The 
windshield has been given the designation 16. When 
it is desired to initiate the rolling of a windshield, the 
juadrilateral frame 13, together with the rollers it sup- 
ports, is rotated by hand or mechanically to a extreme 
‘ounterclockwise position as shown in Fig. 5. When in 
ihis position the rolls are inclined so that the leading 
edge of the glass is received without any substantial 
‘orque being applied to the glass. Rollers 17 are pro- 
vided for supporting the glass after it enters and leaves 
he apparatus. 

As the rolling operation proceeds, the clockwise rota- 
ion of quadrilateral frame 13 continues until the posi- 
ion is reached for complete discharge of the rolled glass 
mto supporting rolls 17, having tilted sufficiently in a 
‘lockwise manner to avoid the application of undesirable 
orque to the trailing end of the windshield. Having 
lischarged a completely rolled windshield, quadrilateral 
frame 13, together with rolls 10 and 11, is now rotated 
by hand or mechanically to the extreme counterclock- 
wise position, as shown in Fig. 5 and is ready to receive 
the next workpiece. 

Dashpot 18 serves the purpose of preventing unduly 
rapid rotation of quadrilateral frame 13 with consequent 
breakage of glass. 

There were 4 claims cited in this patent. 


Tube and Cane Machines 


Vacuum Coating Interior of Glass Tubes with Metal. 
Fig. 6. Patent No. 2,730,987. Filed March 25, 1954. 
Issued January 17, 1956. 4 pages drawings. Assigned 
to James L. Entwistle Co., by A. W. Nelson. 

This invention relates to new and useful improvements 
in apparatus for automatically processing the aluminizing 
of cathode ray tubes such as are employed in television 
receivers. Carts containing the required pumping and 
other processing equipment can be readily replaced in 
the installation and yet convey the tubes with minimum 
vibration. 

This is accomplished by providing heavy carts, whose 
weight empty is a substantial part, e. g. one fourth of 
the total loaded weight, and which roll on wheels near 
the point where the aluminizing is effected. The object 
to be treated, i.e. the tube is on top of the cart, and so 
are the cart supporting wheels or rollers. The processing 
equipment (pumps, valves, switches, etc.) constituting 
about three fourths of the total weight are below the 
top anchored to the top, bottom and back. Preferably, 
said wheels and a third wheel below the center of gravity 
of the cart, are so mounted that the cart may be put on 
and taken off the tracks of the installation simply by 
lifting it vertically. Switches are automatically tripped 
on the carts during their travel to control first the rough 
pumping, then the more intensive pumping, and finally 
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Fig. 6 


the bleeding of the tubes to the atmosphere. 
Fig. 6 is a perspective view of the complete assembly. 
There were 6 claims and 10 references cited in this 
patent. 


Graduated Glassware. Fig. 7. Patent No. 2,752,785. 
Filed August 16, 1951. Issued July 3, 1956. One page 
drawings. Assigned to Pittsburgh Plate Glass Co. by 
Kenneth M. Laing. 

This invention pertains to graduated glassware such 
as thermometers, barometers and the like, usually of 
tubular shape and having scale markings or the like for 
indicating the position of a liquid meniscus, pointer or 
equivalent fiducial point. 
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The markings or scale divisions 14 are produced in 


situ in tube 10 by controlled radiation capable of per- 
manently discoloring the glass. Conveniently, and as 
shown in Fig. 7 the radiation may be generated by the 
spontaneous disintegration of a quantity of a suitable 
radioactive material 16. 

The effect of using a narrow channel 20 is to de- 
fine the shape of the emergent beam of radiation, 
and to limit the beam spread so as to provide, in effect, 
a collimated beam of the radiation. 

The shape of the beam of radiation, or of the apertures 

(Continued on page 578) 
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0-I CONTINUES CUBAN PLANT CONSTRUCTION 

Contracts for the second phase of construction of the 
Owens-Illinois Glass Co. plant at San Jose de las Lajas 
have been awarded to two Cuban firms, it has been 
announced. 





A solid wall of perforated concrete block will provide both 
ventilation and light for the warehouse at the glass con- 
tainer plant which Owens-Illinois de Vidrios de Cuba, S. A., 
is building at San Jose de las Lajas, near Havana, Cuba. 
The first stage of construction saw completion of the ware- 
house, and the remainder of the plant is now being built. 


John L. Gushman, president of Owens-Illinois de 
Vidrios de Cuba, S. A., said a contract for the additional 
structural work on the three-furnace plant was awarded 
to Fernando Munilla of Havana. The second contract, 
for construction of the 4200-foot siding which will con- 
nect the plant with the Occidental Railway, was awarded 
to Jose A. Reguerra of Havana. 

Work on the plant was begun last summer and is 
proceeding satisfactorily, Mr. Gushman said, with com- 
pletion expected early next year. The plant will be capable 
of producing about 72,000,000 glass containers and 
drinking glasses per year. Its principal products will be 
bottles and jars for the packaging of foods, beverages, 
and drugs. 

Hendrik P. Maas has been named director of construc- 
tion planning and Robert D. Holliger will be administra- 
tor of construction planning, Mr. Gushman said. Both 
men are from Owens-Illinois’ Administrative Engineering 
department in Toledo, Ohio, which made preliminary de- 
signs for the plant. Saenz, Cancio, Martin, of Havana, 
in association with Giffels & Vallet, Inc., and L. Rosetti, 
of Detroit, Mich., prepared the structural, electrical, and 
mechanical designs. 


EIGHTEENTH GLASS CONFERENCE 
TO BE HELD AT URBANA 

The Eighteenth Conference on Glass Problems will 
be held at the University of Illinois, Department of 
Ceramic Engineering, Urbana, Ill., on Thursday and 
Friday, December 5 and 6, 1957, it has been announced. 

Communications relating to the conference should be 
addressed to F. V. Tooley, Professor of Glass Tech- 
nology, University of Illinois, 208 Ceramics Building, 
Urbana, Illinois. 
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CORNING CHEMICAL SERVICE 
MAKES NEW APPOINTMENTS 

Six organization changes in the chemical services de- 
partment of Corning Glass Works were announced by 
Arthur W. Weber, company vice president and directo: 
of engineering and manufacturing staff. 

R. D. Smith has been appointed consulting engineer. 
He will concentrate on mixing plant facilities and th 
study of metallurgical problems. Dr. Frank Day suc- 
ceeds Mr. Smith as manager of the chemical services 
department, including the metallurgical staffs. 

Ralph E. Miller, supervisor of analytical chemistry 
will be responsible for chemical analysis of raw ma 
terials and glasses in the melting operations. Marti: 
Klein Jr. has been appointed to the newly created posi- 
tion of supervisor of batch economics and control anc 
will be in charge of raw materials and composition: 
records. Thomas J. Carpenter has been named superviso: 
of chemical engineering services as related to glas: 
manufacturing operations. Robert H. Close, superviso: 
of instrumental analysis, is in charge of spectrographic 
and X-ray analysis of materials. 





F. Day R. D. Smith 


Mr. Smith has been associated with the company for 
41 years and is recognized in the glass industry as an 
expert on raw materials, glass compounding problems 
and metallurgy. A graduate of the University of Michigan 
in chemical engineering, he has served successively as 
analytical chemist and metallurgist in the Research and 
Development Division and, since 1940, has been man- 
ager of the chemical services department. Mr. Smith is 
the holder of 18 patents. He is a member of the Amer- 
ican Chemical Society, American Ceramic Society, 
American Institute of Chemical Engineers and British 
Society of Glass Technology. 

Dr. Day joined the melting research department in 
1941 and was named manager of that group in 1947. 
In 1954 he joined the chemical services department as 
supervisor of chemical services. Dr. Day received a 
bachelor of arts degree in chemistry from Ohio State 
University in 1936 and, after service with the Battelle 
Memorial Institute at Columbus, Ohio, continued his 
studies at the University of Pittsburgh where he re- 
ceived a doctorate in physical chemistry in 1941. 
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Low Expansion “Solder” Glasses in the System 
/nO-B.0;-V;0; 

® THE USE OF THE so-called “solder glasses” for soft 
-vda and lead glasses has now been known for about ten 
vears. The development of glasses of this type and ex- 
mples of their use have been described in papers by 

Ima and Prakke and by Dale and Stanworth. The solder 
viasses described by these authors have thermal expan- 
-on coefficients in the range of 80-90x10-7, and are 
sufficiently fluid at about 550°C. to seal together parts 
' soft soda or lead glass to form vacuum-tight joints. 
hus seals can be made at temperatures very much 
|»wer than are encountered in the more usual flame 
‘aling methods. This is an advantage in making some 
evecial lamps or valves. 

It is natural to ask if it is possible to make solder 
, asses for sealing together parts made of lower expan- 
s on glasses, e.g. tungsten sealing glasses, with a thermal 
expansion coefficient of about 37x10“ or Fernico sealing 
gasses with a thermal expansion coefficient of about 
43x10-. The first of these problems is a very difficult one; 
the second, however, is less difficult, and this paper is an 
a count of work which has led to a promising solution. 

Dale and Stanworth have shown that simple zinc borate 
gasses can be made with expansion coefficients in the 
range 40-50x10-*, although they are too hard for use as 
solder glasses for Fernico sealing glasses. If used as 
solder glasses they would require temperatures in excess 
of 700°C. for sealing, at which temperature the parts 
being joined would distort. 

Recently the authors, with Stanworth, have investi- 
gated glasses containing high percentages of V20;, many 
of which were found to be very fluid at temperatures of 
the order of 800°C. and seemed to have very steep vis- 
cosity-temperature curves. Arising out of that work it 
was suggested by Stanworth that the effect of adding 
V.0; to zinc borate glasses should be investigated to 
see if these glasses could be made softer without ap- 
preciably affecting their expansion properties. The re- 
sults of this investigation are given by Denton and Raw- 
son in the June 1956 Journal of the Society of Glass 
Technology. 

The first step was to investigate the region of glass 
formation in the system ZnO-B.O;-V20;. This was done 
by using a simple technique developed and widely used 
by one of us during the past two years. The method is 
to melt a very small quantity of well-mixed batch in a 
V-shaped kink in an electrically heated platinum alloy 
wire, and to observe the progress of the melting by means 
of a binocular stereoscopic microscope with a magnifi- 
cation of x 25. When the melt is completely batch free, 
the heating current is switched off, when the melt rapidly 
cools. This technique has been very helpful and informa- 
tive in studying glass-forming behaviour in many binary 
and ternary oxide systems. It has the advantage of being 
very quick, enabling many mixtures to be studied in a 
short time. 

It is of course, very important to mix the batch constit- 
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uents well before applying a small quantity to the wire. 
Furthermore, areas of glass formation plotted in this way 
are bound to be rather indefinite if the mixture contains 
volatile constituents. A further point is that because cool- 
ing is so rapid, melts often form glasses which will not 
do so when melted on a 1 gm. scale. The possibility of 
making a glass on a rather larger scale can easily be 
assessed by remelting and cooling more slowly by slowly 
turning the controlling “Variac” transformer back to 
zero. 

The area of glass formation in the system ZnO-B2O3- 
V20; was determined by the small-scale melting tech- 
nique. The “area of stable glass formation” contains 
compositions of melts which can be cooled down from 
the melting temperature (800°-1000°C.) to room tem- 
perature in about a minute without devitrification. Melts 
with ZnO contents higher than would fall within the 
area of glass formation devitrified completely on quench- 
ing, while those with ZnO contents lower than would 
be included in the glass-forming area devitrified partial- 
ly. It seemed that the latter melts consisted of two immis- 
cible phases, one of which devitrified rapidly on quench- 
ing, the other remaining glassy. 

A series of glasses covering the range of glass forma- 
tion was melted in fused silica crucibles. The scale of 
melting was 20 gm., and the raw materials used were 
ZnO, V20;, and H;BO; of “Lab. Reagent” quality. Melt- 
ing temperatures ranged from 900°C to 1100°C. depend- 
ing on the V2O; content of the glass, the higher temper- 
atures being necessary for the glasses of low V20O; 
content. The melting time in each case was about 10 
minutes. 

Rods of glass for determination of thermal expansion 
were prepared by casting, and the expansion curves de- 
termined. The very long steep neck on the curves for the 
high V.O; glasses is interesting and unusual for normal 
glasses, although the previous work had shown that it 
is characteristic for many vanadate glasses. The glasses 
of low V2.0; content show some curvature in the low 
temperature part of their expansion curves. It is not 
possible to choose any single parameter which fully ex- 
presses the way in which the thermal expansion of these 
glasses is affected by their V2.0; content. The expansion 
characteristics can, however, be expressed in terms of 
the mean expansion coefficients over (a) the temperature 
range from 0°C. to Mg, (b) the temperature range 0°C. 
to Tg, and (c) the straight portion of the expansion 
curve below Tg. 

Additions of V20; up to 20 per cent by weight do not 
have any very marked effect on the thermal expansion. 
The main effect is to displace the neck to lower tempera- 
tures, with some lowering of the deformation tempera- 
ture. It is clear that the addition of V2O; to zine borate 
glasses has the effect which was hoped for, namely, a 
reduction in viscosity without any large change in the 
expansion properties. 

The glasses with expansion curves closest to that of 


the BTH Fernico sealing glass C.40 are those with V2.0; 
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contents of 20 per cent or less. A more detailed study 
was therefore made of glasses in this region. This in- 
cluded the measurement of stress-temperature curves in 
“slab seals” made between C.40 and the various solder 
glasses. The slab seals uesd were made by melting a 
disc of solder glass down on to a disc of C.40 in a muffle 
furnace, and then cutting to dimensions. Opposite faces 
of the seal were polished, and a stress-temperature curve 
was measured by means of a stress-optical bench, the 
seal being mounted in a furnace as described by Red- 
ston & Stanworth. The retardation measurements were 
made at a point X in the center of the interface between 
the C.40 and the solder glass. 

The usual method of using a solder glass is in the form 
of a powder. One of the most promising of the simple 
ternary glasses, modified by the addition of 5 per cent 
of Al,O, to improve its durability, was milled down, 
made into a paint with nitrocellulose lacquer and then 
used to make butt seals between C.40 tubes, of 25 mm. 
diameter and 2 mm. wall. One end of each tube was 
coated with the glass paint, the painted ends of the tubes 
were then placed in contact and the assembly was placed 
vertically in a muffle furnace. The temperature was 
raised to 625°C. for two to three minutes, and the sealed 
units were then allowed to cool slowly in the furnace. 
There was no appreciable distortion of the C.40 parts 
during the sealing. The sealed units were then mounted 
together on an exhaust tube, evacuated, and baked out 
at 400°C. for one hour. The assembly showed no sign 
of leaks after this treatment. 

From this work it was concluded that the addition of up 
to 20 per cent of V2.0; to ZnO-B,O; glasses lowers the 
deformation temperature, Mg, without markedly affecting 
the expansion coefficient which, for these glasses, lies 
in the range 48-55x10°*. This fact has been used to de- 
velop solder glasses for a Fernico sealing glass. In making 
seals with a suspension of a powder of one of the new 
solder glasses, a sealing temperature of 625°C. is re- 
quired. This is higher than is really desirable but is 
much slower than is possible with simple ZnO-B.O, 
glasses; with the latter glasses, a sealing temperature 
higher than 700°C. would be required. 


K. F. STERRETT JOINS 
NATIONAL BUREAU OF STANDARDS 


Dr. Kay F. Sterrett, a physical chemist, has joined the 
glass section of the National Bureau of Standards. Utiliz- 
ing his experience in solid-state physics and in chemical 
thermodynamics he will design and construct precision 
calorimetric equipment for the measurement of heat and 
related thermodynamic properties of substances in their 
crystalline and glassy states. This is part of the Section’s 
research program on the fundamental properties of, and 
measurement methods for, the glassy state. 

Dr. Sterrett was born in McKeesport, Pennsylvania. 
The University of Pittsburgh awarded him the B.S. degree 
in 1953 and the Ph. D. degree in 1957. While at the 
Graduate School, he held an assistantship and did re- 
search on low-temperature adiabatic specific heat calori- 
metry. 

Dr. Sterrett is a member of the American Chemical 
Society, the American Association for the Advancement 
of Science, the Society of the Sigma Xi. 
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J. P. RAUGH NAMED TO PORTER’S 
REFRACTORY DIVISION 

James P. Raugh has 
been named vice president 
and general manager of 
the Refractories Division, 
H. K. Porter Company, 
Inc., according to an an- 
nouncement by C. L. Hol- 
bert, Porter’s president. 
Mr. Raugh previously has 
been vice president of 
operations for General 
Refractories Co. 

Mr. Raugh, a gradu:te 
of the Naval Academy at 
Annapolis, joined General in 1929 as a salesman, became 
general sales manager, general works manager and fina ly 
vice president-operations. In 1953 he became president 
of Fleming, Raugh, Inc., a Philadelphia construction 
firm and simultaneously vice president of Frank Samuel 
& Co., Inc., trading and manufacturing concern in that 
same city. 

Porter’s Refractories Division was formed earlier t! is 
year by combining its Laclede-Christy and McLain Fire 
Brick Divisions with the recently acquired Mullite Re- 
fractories Company. Headquarters are in Pittsburgh aid 
seventeen plants are located in seven states. 





J. P. Raugh 





United States Borax & Chemical Corporation has moved its 
combined offices to 50 Rockefeller Plaza, in New York, 
where it will occupy all of the eighth and about half of 
the ninth floors. The space being used will be the head- 
quarters of the two principal divisions of the Corpora- 
tion, Pacific Coast Borax Company and United States 
Potash Company Divisions. It will also serve as eastern 
headquarters of the 20 Mule Team Products Division. 
Permanent features of the new offices include an illumi- 
nated display of borate and potash ores in the main 
lobby, and a large combined conference and board of 
directors room, shown above. 


® Stanard R. Funsten, Jr., controller, Ball Brothers Co.., 
Inc., West Coast Division, El Monte, California, has 
been elected to membership in the Controllers Institute 
of America. Established in 1931, the Institute is a non- 
profit management organization of controllers and fi- 
nance officers from all types of businesses. 
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Current Statistical Position of Glass 








Employment and payrolls: Employment in the glass 
industry during July, 1957 was as follows: Flat Glass: 
A preliminary figure of 26,900 for July, 1957 indicates 
decrease of .7 per cent from the adjusted 27,100 re- 
»orted for June, 1957. Glass and Glassware, Pressed 
aid Blown: A decrease of 4 per cent is shown by the 
eliminary figure of 79,700 for July, 1957, when com- 
» red with the adjusted figure of 83,000 for June, 1957. 
.'ass Products Made of Purchased Glass: The prelimi- 
vary figure of 13,700 for July, 1957 indicates a de- 
ease of .7 per cent from the previous month’s ad- 
sted figure of 13,800. 


Payrolls in the glass industry during July, 1957 were 
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GLASS CONTAINER SHIPMENTS 
(All Figures in Gross) 
Narrow Neck Containers 
August, 1957 


F. od : = , P ; 2,501,000 
M dicinal and Health Supplies ... ed Ran 1,944,000 
Ci emical, Household and Industrial 1,114,000 
T: iletries and Cosmetics 1,085,000 
B: verage, Returnable 651,000 
Beverage, Non-Returnable 167,000 
Beer, Returnable ..... 225,000 
B: er, Non-Returnable 1,118,000 
Liquor : 1,301,000 
Wine 534,000 
Sub-total (Narrow) 10,640,000 

Vide Mouth Containers 
Ow” Tee ’ *5,719,000 
Medicinal and Health Supplies ... 564,000 
Chemical, Household and Industrial 253,000 
Toiletries and Cosmetics 289,000 
Packers’ Tumblers 92,000 
Dairy Products 310,000 
Sub-total (Wide) *7,227,000 
Total Domestic 17,867,000 
Export Shipments 284,000 
TOTAL SHIPMENTS 18,141,000 


*This figure includes Fruit Jars and Jelly Glasses. 





GLASS CONTAINER PRODUCTION 
AND INVENTORY 
(All Figures in Gross) 


Production Stocks 

Food, Medicinal and August, 1957 August, 1957 
Health Supplies; Chemi- Narrow 
cal, Household and In- Neck 5,400,000 5,485,000 
dustrial: Toiletries and me 
Cosmetics Wide 

Mouth *5,102,000 *4,026,000 
Beverage, Returnable 663,000 1,548,000 
Beverage, Non-Returnable 135,000 198,000 
Beer, Returnable 195,000 382,000 
Beer, Non-Returnable 940,000 485,000 
Liquor 956,000 921,000 
Wine... a. ; 373,000 493,000 
Packers’ Tumblers 85,000 93,000 
Dairy Products 241,000 235,000 


TOTAL *14,090,000 *13,866.000 


*This figure includes Fruit Jars and Jelly Glasses. 
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as follows: Flat Glass: An increase of .7 per cent is 
shown in the preliminary $12,877,294.70 when compared 
with June, 1957’s adjusted $12,787,506.27. Glass and 
Glassware, Pressed and Blown: A decrease of 4.2 per 
cent is shown in the preliminary $28,936,046.98 re- 
ported for July, 1957 when compared with the pre- 
vious month’s adjusted $30,208,466.78. Glass Products 
Made of Purchased Glass: A preliminary figure of $4,- 
036,906.46 was reported for July, 1957. This is a de- 
crease of 2.7 per cent when compared with the adjusted 
figure of $4,150,996.67 for the previous month. 


Glass container production: Production based on 
figures released by the Bureau of Census was 14,090,000 
gross during August, 1957. This represents an increase 
of 12.4 per cent from the previous month’s production 
of 12,565,000 gross. During August, 1956, glass con- 
tainer production was 13,237,000 gross or 6.4 per cent 
under the August, 1957 figure. At the end of the first 
eight months of 1957 glass container manufacturers have 
produced a preliminary total of 98,933,000 gross. This is 
3 per cent over the 96,158,000 gross produced during 
the corresponding 1956 period. 

Shipments of glass containers during August, 1957 
were 18,151,000 gross, or an increase of 46 per cent 
from July, 1957 shipments which were 12,430,000 gross. 
Shipments during August, 1956 were 16,095,000 gross 
or 12.7 per cent under August, 1957. At the end of the 
first eight months of 1957 shipments have reached a 
total of 98,518,000 gross, which is 3.4 per cent over the 
95,104,000 gross shipped during the corresponding pe- 
riod last year. 

Stocks on hand at the end of August, 1957 were 13,- 

866,000 gross. This is 22.8 per cent below the 17,955,000 
gross on hand at the end of July, 1957 and .5 per cent 
lower than the 13,940,000 gross on hand at the end 
of August, 1956. 
Automatic tumbler production: During July, 1957 
this production was 4,016,000 dozen; this is a loss of 
9.5 per cent against the July, 1956 production which 
was 4,437,000 dozen. 

Shipments during July, 1957 rose to 4,717,000 dozen. 
This is 10.3 per cent higher than the 4,276,000 dozen 
shipped during July, 1956. At the end of the twelve 
months period ending July 31, 1957, shipments have 
reached a total of 55,103,000 dozen which is 8.7 per 
cent lower than the 60,315,000 dozen shipped last year. 


Table, kitchen and household glassware: Manu- 
facturers’ sales of machine-made table, kitchen and 
household glassware during July, 1957 reached 2,842,000 
dozen. This is 24.7 per cent over the 2,279,000 gross of 
July, 1956. At the end of the twelve months period end- 
ing July 31, 1957, manufacturers had sold a total of 
35,241,000 dozen, which was 1.6 per cent lower than 
the 35,803,000 dozen sold during the corresponding 
period last year. 
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New Equipment and Supplies 








VARIED GLASS COLORS 
FROM SAME TANK 


Penberthy Electromelt Company, 
4301 Sixth Avenue South, Seattle 8. 
Wash., has announced introduction of 
equipment for installation in the fore- 
hearth of tank furnaces, making it 
possible to produce light green, milk 
bottle pink and blue glasses in indi- 
vidual feeders from the flint glass in 
the main tank. The process involves 
mechanical blending of colorant frit 
just downstream of the feeder connec- 
tion block. The feeder will come up to 
color in one hour, and can be cleared 
of color in three hours. 


NEW VERTICAL 
SPOT WELDER 


Eisler Engineering Company, Inc., 
750 South 13th Street, Newark 3, N. J., 
has brought out a new type of vertical 
spot welding machine for bench and 
pedestal mounting. The welding ma- 
chine has an accurately ground No. 2 
vertical shaft which moves up and down 
in ball bushings and is said to make 
its movement extremely sensitive, ac- 
curate and sturdy. The welders come in 
a number of different sizes, from 1% 
KVA to 5 KVA, and are supplied with 
timing devices and transformers. The 
spot welders are usually foot operated 
but can be motorized or supplied to 
operate by air pressure. Machines of 
this type are useful for welding in- 
tricate electronic parts, especially radio 
and television tubes of all kinds. 


AUTOMATIC DETERMINATOR 
FOR SULFUR TITRATIONS 


Lindberg Engineering Company. 
2450 West Hubbard Street, Chicago 12. 
Ill., has available a new automatic sul- 
fur determinator for simple, accurate 
sulfur titrations. This new unit, it is 
claimed, overcomes the objections usu- 
ally associated with manual titration: 
either over or under titration, and the 
necessity that the operator be present 
at the titrator during the entire com- 
bustion period. 

The titration is accomplished by the 
addition of a proper titrant to the test 
solution until there occurs a condition 
called an “end point.” The “end point” 
is determined photoelectrically by the 
automatic addition of titrant, until the 
initial color intensity of the test solu- 
tion is attained. At this point the flow 
of titrant is shut off automatically and 
a signal light indicates the end of the 
titration. 


VIBRATORY UNIT 
IN NEW SIZE 


Vibratory Feeder Company, Erie. 


. Y., has developed a new size of vi- 


bratory unit. This new base unit, built 
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and powered specifically to handle 24 
inch bowls, incorporates the three 
spring suspension principle. The 
springs are arranged in a near vertical 
position for greater balance and _ in- 
creased steady flow. This new drive 
unit, through properly engineered size, 
is said to effect economy in both origi- 
nal investment and operating costs. 

The demand for bowls between 18 
and 30 inches motivated the develop- 
ment of this new base model, to be 
identified as No. 20; Feeder bowls of 
a new design for use on it are also 
available. The new base unit, measur- 
ing 20 inches in diameter and 1314 
inches high, is available in counter- 
clockwise as well as clockwise move- 
ment. 


STRIP-CHART RECORDER 


The Bristol Company, Waterbury 20, 
Conn., has announced their new elec- 
tronic Dynamaster X-Y recorder. This 
strip-chart recorder will automatically 
plot a continuous curve showing the re- 
lationship of one measured variable to 
another. 

Some typical uses for the instrument 
include plotting temperature versus 
pressure in the process industries, posi- 
tion of intake parts versus gas flow, 
and speed versus torque in motor oper- 
ation. Most other variables can also be 
handled. 

The Dynamaster records on a 12 
inch strip chart, and is available in 
pen speeds of up to 0.4 seconds for full 
scale traverse to follow the most rapidly 
changing variables. Standard accuracy 
is 0.25 per cent. 


ULTRA-PURE 
SODIUM SULFITE 


Fisher Scientific Company, 498 Fisher 
Building, Pittsburgh 19, Pa., has an- 
nounced the availability of normal 
sodium sulfite, important in lab con- 
trol in a variety of fields, including 
glass. This sodium sulphite has been 
prepared with a new high purity, it is 
claimed for more rigid contro] of im- 
purity-sensitive operations. It is manu- 
factured in the Fisher certified grade; 
each lot has been individually analyzed. 
A typical analysis shows 0.01 per cent 
chloride; 0.0001 per cent arsenic; 0.001 
per cent heavy metals (as Pb); 0.002 
per cent iron; 0.005 per cent soluble 
matter; and an assay of 58.5 per cent 
SO.. The catalog number is S-244. 


CATALOGS RECEIVED 


Keuffel & Esser Company, Hoboken, 
N. J., has issued a new 56 page manual 
covering the basic principles of optical 
tooling. Photographs and drawings il- 
lustrate the major instruments and ac- 
cessories used in optical tooling. Draw- 
ings show the optical principles used 


in applying the equipment. The manual 
explains the advantages of optical tool- 
ing methods over older ones for holding 
accuracy, includes chapters on jig 
alignment telescopes, jig transits, op‘i- 
cal micrometers, scales, adjustments. 
Copies may be obtained without charge 
from the company. 


Stauffer Chemical Company, 330 
Madison Avenue, New York 17, N. Y., 
has prepared a booklet which provides 
a comprehensive outline of the physical 
and chemical properties and uses of 
hydroflouric acid. 

Included are charts which profile 
vapor pressure, boiling point and vapor 
concentration of hydrofluoric-water sy s- 
tems, density of HF-H.O systems, 
density of HF, heat of dissociation, 
freezing point, electrical conductivi‘y, 
etc. A handbook is included which 
describes safe methods of handling tie 
acid and modern sampling and analy i- 
cal techniques. Copies are availabie 
without charge. 


The Charles Taylor Sons Company, 
P.O. Box 58, Annex Station, Cincin- 
nati 14, Ohio, offers a two page illus- 
trated bulletin which discusses the 
properties and applications of Tamax- 
EF super-refractories. The product is a 
high-purity mullite refractory made 
from dense electrically-fused grain 
closely approaching the theoretical 
mullite composition. The low alpiia 
alumina and glass content of the grain 
contribute to high volume stability, it 
is said, hot load strength and resistance 
to reaction with alkaline fluxes. Ask for 
Bulletin 323 from the company. 


The Refractories Institute, First Na- 
tional Bank Building, Pittsburgh 22, 
Pa., has just published a 16 page il- 
lustrated brochure to advise young men 
on the advantages of the refractories 
industry as a career. The booklet des- 
cribes the many opportunities in the 
industry for trained and ambitious peo- 
ple. It further describes in non-techni- 
cal terms what refractories are, how 
they are produced, and their uses in 
industry. 


Diamond Alkali Company, 300 Union 
Commerce Building, Cleveland 14, Ohio 
has available a 32 page illustrated 
booklet, the fifth edition of “The Story 
of Diamond Chemicals—Chemicals You 
Live By.” The growing family of chem- 
icals for industry and agriculture is 
presented. Basic materials, their prin- 
cipal applications and their production 
are discussed in a style said to be of 
interest to technical and non-technical 
readers. Write to the company for 
copies available without charge. 
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SCREEN COLORS COME OUT 


SMOOTH ne veuves 


Smooth, grain-free color paste of proper viscosity is essential for best results when 
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ecorating glass with metal mesh stencils. The individual particles of powdered color 
m ist be so intimately dispersed in the squeegee oil that no unsightly, bumpy specks mar 
t 
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» fired print. 


U.itil Drakenfeld introduced the roller paint mill as standard screen color processing 
eq iipment in 1940, iron and colloid mills were commonly used to prepare 
th 
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paste. Ever since, Drakenfeld customers have had the advantage 
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superior screen colors ground and rubbed to velvet smoothness 
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\ roller mills which are recognized everywhere today as the 
m st efficient ever employed. 


S 
ti 


m:nufacturers. In research as in color production, you 


>) 


*h pioneering is typical of Drakenfeld’s many contribu- 


-— 


ns to better ware and greater economy for glass 


can always look to Drakenfeld for know-how accented 


by experience — cooperation geared to help 
you attain and maintain high standards 


of product quality — and to profit 
from them. Your confidential 


inquiry is invited. 


DEPENDABLE SERVICE ON: 
Acid, Alkali and Sulphide 
Resistant Glass Colors and 
Enamels . . . Silver Paste 
... Crystal Ices . . . Porce- 
lain Enamel Colors. . 

Body, Slip and Glaze Stains 
.. . Overglaze and Under- 
glaze Colors . . . Squeegee 
and Printing Oils .. . 
Spraying and Banding Me- 
diums . . . Metallic Oxides 
and Chemicals. 








CALL ON , )) ia bi Bh A nte ld YOUR PARTNER IN SOLVING COLOR PROBLEMS 
es 


B. F. DRAKENFELD & CO., INC. 
pt 


we Executive Offices: 45 Park Place, New York 7, N. Y. | 
Factory and Laboratories: Washington, Pa. 





Pacific Coast Agents: 


BRAUN CORPORATION, 1363 So. Bonnie Beach Place BRAUN-KNECHT-HEIMANN COMPANY, 1400 = Sixteenth Street 
LOS ANGELES 54, California Phone: ANgelus 9-9311 SAN FRANCISCO 19, California Phone: HEmlock 1-8800 









OCTOBER, 1957 975 





ee 


ne eee 


wows 


ry ry 


YS 


SEAT LIRE 


, 
€ 
i 





hi 


iy 
: 


Fining—Part II 
(Continued from page 565) 


suitable number and size. This is why it is tempting to 
use, for this purpose, a device susceptible of causing, for 
fining, the formation of the indispensable bubbles de- 
pending upon the needs in each case. This idea has been 
already expressed by Dralle and Keppeler“®) and also 
by Washburn‘. The oldest projects, as far as can be 
learned, have not led to any practical result. Recently 
Widtmann“®) introduced gas bubbles into a glass tank 
with a pipe cooled by water. This pipe was constructed 
in such a manner that the terminal end, near the bottom 
of the furnace, could be moved over a large area in or- 
der to widely distribute the released bubbles in the 
glass melt. Unfortunately, no publication was made on 
this subject. 

In addition, tests should be mentioned which were 
destined to remove gases from the melted glass by the 
use of sonic or ultrasonic vibrations, as Klein”), 
Kruger“8) and Eden‘*®) have proposed or realized in 
test installations. They take as a basis the reasoning 
according to which the energy produced by the vibra- 
tions is able to cause, in the molecular scale, an agita- 
tion so intense that the movement of the gases in the 
glass melt must be greatly accelerated. 

(d) The removal of gas from the glass by fusion or 
cooling in a vacuum has up to the present only a theo- 
retical interest as has the “freezing” of a state of high 
temperature equilibrium by cooling under pressure. 

(e) The power that rough surfaces have of liberating 
gases at the time of fining has already been mentioned, 
as has also the benefits that this phenomenon can pre- 
sent for test melts. An industrial use has not yet been 
visualized. 

(f) A process of releasing gases from melted glass 
which, up to the present time, has been tried only in 
the laboratory, is based on a devitrification followed 
by fusion™), 

(g) Finally, one must mention electrical fining by 
means of electrode plates, the effect of which rests notably 
on the formation of an ascending glass current and, 
thus, accelerates the departure of the bubbles. Informa- 
tion on this process is found in the technical articles 
relative to electric furnace for glass, for example those 
of Borel), 


D. RESUME 


By fining is meant the operation destined to rid the 
glass of bubbles, or dissolved gases and of heterogen- 
eities. The dissolution of gas, especially H2O and COQn, is 
manifested in part under the form of a delay in boiling. 
The agents and processes of chemical and physical fin- 
ing have for their mission, strictly speaking, after fusion 
is finished, to raise the gas pressure in the glass melt 
and as a result to cause the release of the gases. The latter 
can either be diffused in the still existing bubbles and 
compel them to speed up their rise, or can form new 
bubbles which cause an intensification of the sweeping 
away of gas. Fining is effective only if the viscosity of the 
glass is the lowest possible; that is. if the temperature is 
the highest possible in the interval of time given for the 
evolution of the bubbles. 
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R. F. EVANS BECOMES 
DIAMOND ALKALI PRESIDENT 

Resignation of John A. Sargent as president and a 
director of Diamond Alkali Company, Cleveland, Ohio, 
fective immediately, was announced in Cleveland at 
he Company’s national headquarters. 

The board of directors, at a special meeting, assigned 
Mr. Sargent’s presidential duties and _ responsibilities 
o Raymond F. Evans, chairman and chief executive 
fficer for the past three years. 

In addition, the board created the position of execu- 
ive vice president and elected A. H. Ingley, senior vice 
resident, to the post. 

In announcing these actions, Mr. Evans said that Mr. 
argent, who will make known his future plans at a 
ime of his choice, “takes with him the admiration of 
all of us who have worked with him for the important 
ontributions he has made to Diamond’s progress in 
he last 11 years, and our sincere best wishes in the 
iew work he chooses.” 

With Mr. Sargent’s resignation from the presidency 
of the Company, Mr. Evans, a veteran of 26 years’ 
service with Diamond, who has been a dynamic force 
behind Diamond’s growth, now resumes the duties which 
he formely held as president from 1947 to 1954 and will 
continue to perform the functions of chairman and chief 
executive officer. 

Previously, Mr. Evans was executive vice president 
and in this capacity planned and led Diamond’s emer- 
sence into national prominence as a progressive producer 
of basic chemicals and related products for industry and 
agriculture. 

After joining the Company’s Painesville (Ohio) Plant 
as a production worker in 1931, he gained experience 
in a number of departments and was subsequently trans- 
ferred into research, where he became the pioneering 





influence for Diamond’s present extensive research and | 


development program. 


In addition to his post as chairman of the Diamond | 


board, Mr. Evans also is a director of The Cleveland 
Trust Co., Cleveland, O.; Mellon National Bank and 
Trust Co., Pittsburgh, Pa.. and the Cleveland and Pitts- 
burgh Railroad Company, also of Pittsburgh. He is also 
a trustee of Western Reserve University and Hawken 
School, and a member of the executive board of the 
Greater Cleveland Council, Boy Scouts of America. 
A. H. Ingley, Diamond’s new executive vice president, 
is a 37-year veteran. Named senior vice president in 
August and a director since April, he was formerly vice 





president—manufacturing for nine years. He has been | 


with the Company since 1920. 






























































A COMPLETE 
REFRACTORIES 
SERVICE... 

for the 

Glass Industry 


Brick are important to the glass industry 
which supplies all of us with a multitude 
of everyday necessities. 


RITEX basic brick, for regenerator chambers 
and checkers, make a four year campaign 
more than a wistful dream. Unaffected by 
batch carry-over and condensed soda, RITEX 
magnesite checker brick retain their full 
size and original regenerator efficiency month 
after month. RITEX CHROME brick, for the 
regenerator crowns and walls, have low 
conductivity which can be translated into 
fuel savings. They can be insulated without 
seriously affecting their service life because 
they do not melt or slag at the operating 
temperatures encountered. 


Grefco fire clay brick are recommended for 
the lower portions of the checker settings, 
the lower regenerator walls, the rider tile 
and for lining the flues. 


Grefco silica brick, for caps and breast walls, 
are uniform and of highest quality, and are 
available in standard or super duty grade. 


You will find one or more Grefco plants 
ready to supply each major glass producing 
district at minimum transportation costs. 


GENERAL REFRACTORIES CO. 
Philadelphia 2, Pa. 
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Inventions and Inventors . . . 

(Continued from page 569) 

in stencil 28, may be varied somewhat to produce the 
desired shape of marks 14. These may be relatively 
short in horizontal extent, but may equally well com- 
pletely encircle the tube 10. In any event, the fact that 
the marks extend completely through the tube 10 (and 
in the example shown lie on both sides of the bore 12) 
results in the anti-parallax feature of the invention. 

It has been found that any individual scale marking 
of the kind produced in this way appears sharp and 
clear to the observer only when his eye is located in the 
position (lengthwise of the tube axis) occupied by the 
source 18 when said particular marking was formed. 

The invention is not limited to the use of a radio- 
active radiation source, inasmuch as an X-ray tube 
could equally well be employed, as well as other known 
sources of ultra-violet, X-ray, beta or gamma radiation; 
the selection of the most effective radiation source is 
conditioned to some extent by the composition of the 
glass employed. 

There were 4 claims and 10 references cited in this 
patent. 


Miscellaneous Processes 


Bottle Labelling Machines. Fig. 8. Patent No. 2,724,- 
329. Filed October 10, 1951. Issued November 22, 
1955. Two sheets of drawings. Assigned Knox Glass 
Bottle Co. by Z. E. Lucas. 

This invention relates to new and useful improvements 
in apparatus for applying ceramic labels to glass bottles, 
especially for superimposing a ceramic color over another 
ceramic color previously applied to glass bottles and 
maintain perfect register of the superimposed colors to 
form a multiple color label. 

The present invention (see Fig. 8) modifies the con- 
ventional apparatus to the extent of the use of the fric- 
tion drive and the pneumatic motor 38 and by the use 
of the pneumatically actuated stop 39 (not shown) that 
engages the registering lug 26a. Because of the need 
for revolving the bottle 26 independently of movement 
of the color screen to effect registering of the lug 26a 
before the bottle contacts the screen, it is necessary to 
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supply other means for driving the bottle to revolve it 
at the same linear speed as the screen. For this purpose 
the bar 33 and cylinder 32 are supplied instead of the 
looped cable connection attached to the screen that was 
previously employed. The provision of suitable cam 
mechanism to cvordinate the function of the fluid motor 
38 and the pneumatic actuator 42 are additional changes 
required to adapt the slide screen practice to dual color 
application. 

There were four claims and the following references 
were cited in this patent: 2,060,385, Shurley et al., Nov. 
10, 1936; 2,157,638, Soubier, May 9, 1939; 2,231,535, 
Jackson et al., Feb. 11, 1941; 2,278,570, Shurley, Apr. 
7, 1942; and 2,307,404, Heyne, Jan. 5, 1943. 


Reinforced Plastic Laminates. Fig. 9. Patent Ne. 
2,723,705. Filed July 21, 1950. Issued November 15, 
1955. Three sheets of drawings. Assigned to Owens- 
Corning Fiberglas Corporation by Howard W. Collins. 

This invention relates to glass fiber reinforced plastics 
and more particularly to an improved method arid a)- 
paratus for producing plastic reinforcements especially 
in tubing and sheet form. 

















Fig. 9 


Several examples of low or contact pressure thermo- 
setting resins capable of producing satisfactory resulls 
may consist of polymers and copolymers from such 
groups as allyl compounds and their derivatives, poly- 
ester resins, styrene derivatives, or acrylic acid and ester 
derivatives. In the event it is desired to use relatively 
high pressure thermosetting resins, satisfactory results 
may be obtained by employing the reaction products of 
phenol, urea, melamine, cresylic acid or resorcinol with 
formaldehyde, furfuraldehyde, or other aldehydes. 

Upon reference to Fig. 9 the numeral 26 indicates 
a mandrel comprising an elongated tube having a pro- 
tective covering 27 such, for example, as cellophane or 
polyvinyl alcohol film to prevent resin from adhering 
to the mandrel. The mandrel is supported by coacting 
rolls 28 on a frame 29 secured to a base plate B. The 
rolls 28 move the mandrel in the direction of its axis 
and a coating of the selected plastic resin is applied 
thereto during advancement by an applicator 31. The 
applicator 31 is in the form of an annular chamber sup- 
ported in the path of travel of the mandrel for receiving 
the latter and having an annular series of openings in 
the inner wall thereof through which the resin in the 
chamber flows. The resin is supplied under pressure to 

(Continued on page 588) 
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On-time deliveries . . . that’s the Olin Mathieson 
hallmark. Over 60 years of making, handling and deliver- 
ing basic industrial chemicals has given us unique 
foresight in anticipating your problems of supply, 


quality and quantity. 


Mathieson soda ash means extras for you—in experience, 
in dependability, in the large, fast-moving fleets of 
hopper cars, box cars and barges. Ask your Olin Mathieson 
representative for the full picture today. 


MATHIESON CHEMICALS 


OLIN MATHIESON CHEMICAL CORPORATION 
INDUSTRIAL CHEMICALS DIVISION + BALTIMORE 3, MD. 


OCTOBER, 1957 





you can count on Olin Mathieson 








Mathieson dense soda 
ash is shipped directly 
from Wyandotte, Mich., 
and Lake Charles, La., as 
dense and intermediate 
dense in bulk carloads. 
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Ammonia + Bicarbonate of Soda + Carbon Dioxide + Caustic Potash + Caustic Soda + Chlorine « Ethylene Diamine + Formaldehyde 
Hexamine + Hydrazine and Derivatives + Hypochlorite Products + Methanol + Muriatic Acid + Nitrate of Soda + Nitric Acid 


Polyamines * Soda Ash + Sodium Chlorite Products + Sodium Methylate + Sulfate of Alumina + Sulfur (Processed) + Sulfuric Acid 
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SOCIETY OF RHEOLOGY 
TO HOLD ANNUAL MEETING 
The Society of Rheology will hold its 1957 Annual 
meeting in Princeton, New Jersey, on November 7, 8, 
and 9, 1957. The technical sessions will be held at the 
Textile Research Institute. An important feature of the 
meeting will be the award of the Society’s Bingham 


N. G. McCrum. The Low Temperature Transition in 
Polytetrafluoroethylene. 

Donald J. Plazek, M. N. Vrancken, John W. Berge. A 
Torsion Pendulum for Dynamic and Creep Measure- 
ments on Soft Viscoelastic Materials. 

Robert F. Landel. The Dynamic Mechanical Properties 
of a Model Filled System: Polyisobutylene—Glass 


Medal. This will occur on Thursday evening, November Beads. 
mau S or S Sage S nen Ss 
7 my —" with the Social Hour Smoker plannec Dilan Naeem 
or the meeting. . 4 5 
The committee for the Bingham Medal, with Profes- A. Bondi. Flow Phenomena with Oleogels. ae 
sor John D. Ferry as chairman, has selected Dr. Clar- William E. Langlois. The Steady Flow of a Slightly 
ence M. Zener to be this year’s medalist, in recognition Viscoelastic Fluid Between Rotating Spheres. 
of his important work on the viscoelastic behavior of J. . goth R. “= Myers. Photographic Study of 
metals. The presentation of the medal will include a dis- HOM er ae —_ “s&s i ie 
cussion of the research activities of the medalist by > i ae, . ae I. M. Krieger. Use o is- 
Dr. Arthur S. Nowick, of the IBM Watson Laboratory, ts Measurements for Study of Entanglement in 
Columbia University. u tec emg a ae 7 
The program of the meeting is as follows: obart 5. White, Harriet V. Belcher. Flow Experi- 
Thursday, November 7: ments with Special Capillaries in the McKee Worker 
J. J. Bikerman. Rheology of Peeling in a Newtonian Consistometer. : : 
Liquid ' O. L. Anderson. Cooling Time of Strong Glass 
; : P : Fibers 
J. J. Bikerman. Theory of Peeling Through A - ; 
Hoaketn Solid : - “ B. Albrecht, A. M. Freudenthal. On Relaxation 
George L. Brown. Coalescence of Latex Dispersions. 1 ee = High Polymers. ar 
F. R. Eirich. Flow Properties of “Association” Poly- Mast opkins. Stress Relaxation in Glass. 
electrolytes Thor L. Smith. Approximate Equations for Inter 
K. E. Owens, C. A. Dahlquist. The Dynamic Mechan- converting the Various Mechanical Properties o 
ical Properties of Some Fluorinated Elastomers. Linear Viscoelastic Materials. 


Edwin R. Fitzgerald. Mechanical Resonance Disper- J. t. Bergen, D. C. Messersmith, R. S. Rivlin. The 
sion in Crystalline Solids at Audio-frequencies. Viscoelastic Behavior of Polyvinylchloride Compo- 
& xy sitions in Combined Torsion and Tension. 





| Saturday, November 9. 


Cosimo Torre. On the Motion of Plastic Mass. 

Joseph K. Landauer. The Creep of Snow Under Com 
bined Stress. 

Bernard D. Coleman. Time Dependence of Mechanical 
Breakdown in Bundles of Fibers: The Power Law 
Breakdown Rule. 

Lawrence M. Epstein, Robert P. Smith. The Tensile 
Strength of GRS Elastomers. 

R. H. Boyd. Shear Rate Dependence of the Viscosity 
and Elastic Compliance of Polymer Melts; Corres- 
pondence with a Hydrodynamic Theory of Visco- 
elastic Flow. 

A. B. Metzner. Fracture of Non-Newtonian Fluids at 
High Shear Stresses. 


A. B. Metzner, Malcolm Whitlock. Flow Behavior of 
Our Sales Strategy —_ sell only the Concentrated (Dilatent) Suspensions. 


: ee : Ph Pelic, A. Sie We ee | ssible 
finest silica products in the world a eapuntesieg BRE i, sacar 


Visco-Plastic Layer on an Inclined Plane. 


| W. Philippoff, Frederick H. Gaskins. The Capillary 
Experiment in Rheology. 

F. H. Gaskins, W. Philippoff, J. G. Brodyan, E. Land- 

rat. The Rheology of Various Solutions of Cellu- 


Se cica SANDS lose Derivatives. 


FINES 
* rs, 





® Thatcher Glass Manufacturing Company, Inc. has 
leased an entire floor for executive offices at 375 Park 








5 OTTAWA Ave., New York City, a 38-story skyscraper now nearing 

SILICA COMPANY completion. Thatcher plans to move its executive per- 

a ican sonnel to New York City from Elmira, New York, and 

99.89% PURE ee te eee also consolidate at 375 Park Avenue the present New 
SERVING THE FOUNDRY, GLASS AND CERAMIC INDUSTRIES FOR OVER 50 YEARS York sales offices now located at 11 West 42nd Street. 
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NORE areas in MORE tanks 
use MONOFRAX’ refractories 


COMPLETE GABLE WH ALL of this 6-port plate glass tank is constructed 
of MONOFRAX H shapes for superior resistance to attack by volatiles and run-down, as are the doghouse 


opening arch, relief arch and door shapes. The wall lays up smoothly because these blocks are accurately 
formed to close tolerances. MONOFRAX blocks are shown in blue. 


You determine the quality of your glass and the efficiency 
of your operation by the refractories you choose for each 
area of your tank. 

For example, you virtually eliminate glassy phase 
with MONOFRAX H fused cast blocks. These refractories 
safeguard glass quality by helping to reduce seeds, stones 
and cords. The reason is purity. MONOFRAX blocks con- 
sist of over 98% alumina, with less than 0.2% impur- 


ities, and practically no interstitial glass. 

MONOFRAX shapes also give tight-fitting, more dur- 
able structures. They’re carefully made.to closer toler- 
ances, and their exceptional resistance to heat, heat shock 
and corrosion prolongs tank life. 

Improve glass quality and lengthen the life of more 
areas of your tank—above the glass line and below— 


with MONOFRAX refractories*. For information write— 


* Have you tried the new Monofrax S Zircon-Alumina Fusion? 


CARBORUNDUM 


Registered Trade Mark 
Dept. L-107, Refractories Division, Perth Amboy, N. J. 











For 1/64 ounce 
visible accuracy... 


MODEL 4203B 


you need EXACT WEIGHT 


Exact Weight Shadograph Scales, engineered on a 
design principal which utilizes a projected light beam, 
assures fast, ultra-visible weight indication. Parallax 
readings are impossible. 


The model, above, is equipped with a 1/64-ounce 
graduated dial, a Transite cover for the commodity 
platter, heat-resistant bearings, a l-ounce beam with 
1/64-ounce divisions and a self-locking poise. Housing 
is fully enclosed. 


Shadograph scales can be calibrated to hundredths of 
an ounce—with accuracy to .01 ounce. They not only 
indicate empty bottle weight but also permit the opera- 
tor to determine the capacity of the container by the 
gravimetric method—determining fluid ounce capacity 
by weight. Models are designed specifically for the 
glass industry. Write for Bulletin 3333. 


Sales and Service 
Coast to Coast 


THE EXACT WEIGHT SCALE CoO. 
952 W. FIFTH AVE., COLUMBUS 8, OHIO 











0-I ANNOUNCES PRICE INCREASES 

Owens-Illinois Glass Company recently announced 
that it will increase the prices of many of its products 
in order partially to offset substantial increases in its 
own costs. 

Carl R. Megowen, president of O-I, said none of the 
price increases will apply to shipments of glass con- 
tainers made prior to November 16. 

“The increases were decided upon only after a very 
careful study”, Mr. Megowen said. “They are the mini- 
mum necessary to enable Owens-Illinois to maintain its 
high standards of quality and service in these days of 
continued inflation in production and distribution costs 
and in costs of replacing and maintaining our production 
facilities. 

“Since last fall, we have had to absorb two substa- 
tial increases in freight rates both on our heavy inbowd 
raw materials and on our outbound finished producis. 
Our labor costs have risen this year at a rate in excess 
of the increase in the productivity of labor. Labor and 
transportation charges combined represent over hilf 
of our glass container manufacturing and delivery cos's. 
We also have had appreciable increases in raw maie- 
rials, fuel, supplies, and most other elements of cost.” 


W. RAHE JOINS HAZEL-ATLAS 


William Rahe has join- 
ed the research and 
development department, 
Hazel-Atlas Glass Divi- 
sion of Continental Can 
Company as a develop- 
ment engineer, wiih 
Washington, Penns l- 
vania as his headquarte‘s. 

A June, 1957 cum 
laude graduate of Alfred 
University, Alfred, N. Y., 
with a B.S. Degree in 
Ceramic Engineering, Mr. 
Rahe was given the 1957 
Ceramic Citizenship 


W. Rahe Award (established _ by 


| the Ceramic Association of New York State) and named 
| winner of the Alfred University College of Ceramics 


| “Major Edward Holmes Thesis Prize”. 


Born in Estonia, Mr. Rahe emigrated to the United 


| States in October, 1949 under the Displaced Persons 


Act. He has served two years with the American armed 
forces. Mr. Rahe, his wife and three children are now 


| residing in Washington, Pennsylvania. 
g ) 


D. A. TYLOR IS SALES ENGINEER 


Donald A. Tylor has become a sales engineer with 
Glass Engineering Laboratories, Belmont, Calif., cover- 
ing application activities throughout Northern California 
for laboratory glass distillation equipment, specialized 
scientific glassblowing services, and various Pyrex brand 
products of Corning Glass Works such as industrial 
pipe, flat glass shapes, heat exchangers, and radiant 
heaters. Prior to this, he participated in the official 





In Canada: P.O. Box 179, Station S, Toronto 18, Ont. 
BETTER QUALITY CONTROL ... BETTER COST CONTROL 


indoctrination program held at Corning, New York, and 
Parkersburg, West Virginia. 
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Lawson-United 
Feldspar and Mineral Company 


proudly introduces LU-spar # 1* to America’s 
glass industry and LU-spar # 4** to the white- 
wares industry. Produced in the country’s 
newest froth flotation plant at Minpro, N. C., 
LU-spar # 1* and LU-spar # 4** will meet your 
most exacting alumina and flux specifications 
while providing you with uniformity and clean- 
liness available only from flotation feldspar. 
Call or write for technical data and samples. 


*LU-spar #+1—Glass grade, 20 mesh 
**LU-spar Ae erese) grade (available approximately January 


OCTOBER, 1957 


Lawson /Cunited> 


FELDSPAR AND MINERAL COMPANY 


MINPRO, N.C 


Exclusive Sales Representatives: 


United Clay Mines Corporation 


Trenton, N. J. * Phone: EXport 6-4526 











E. T. ASPLUNDH IS CHAIRMAN 
OF PITTSBURGH PLATE 
Election of Edwin T. Asplundh as board chairman of 
the Pittsburgh Plate Glass Company, September 18, 
has been announced by the corporation. He succeeds 
Harry B. Higgins who is 
retiring from the position 
of board chairman and 
chief executive officer. 
David G. Hill, president 
of the corporation since 
1955, will continue in 
that capacity and assume 
the additional duties of 

chief executive officer. 

As board chairman, 
Mr. Asplundh succeeds 
Harry B. Higgins who is 
retiring after 52 years as- 
with the com- 
pany. Mr. Asplundh join- 
ed Pittsburgh Plate Glass 
Company in 1919 as as- 
sistant superintendent and assistant to the vice president 
of the Columbia Chemical division. He has served as a di- 
rector of Pittsburgh Plate Glass Company since 1937 
and as a vice president of the firm since 1940. He has 
been president of Columbia-Southern Chemical Corpo- 
ration, a wholly-owned subsidiary, since 1951. A native 
of Philadelphia, Pa., Mr. Asplundh is a graduate of 
Penn State University with a B. S. degree in Civil Engi- 
neering. 


sociation 





E. T. Asplundh 




















D. G. Hill 


H. B. Higgins 


A native of Newburyport, Mass., Mr. Higgins joined 
the company’s merchandising division at Minneapol s 
in 1905 following graduation from Harvard University. 
He was named plate glass sales manager at the con- 
pany’s Pittsburgh, Pa., general offices in 1917. 

During 1925, he was appointed general sales manag:r 
and three years later was elected a vice president of the 
corporation. He was elected executive vice preside.t 
during 1942 and two years later became president. Ee 
served as president until his election as board chairmen 
in 1955. Mr. Higgins will continue to serve as a director. 





® Corhart Refractories Company announces that their 
sales and administrative offices are now at 940 Coia- 
monwealth Building, Louisville 2, Kentucky. 





END DUST MENACE 
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SOLVAY 
POTASSIUM 
CARBONATE 


... dust-free ... tops in quality 


SOLVAY, 









Other Solvay glass chemicals: 
Soda Ash - Sodium Nitrite 
Ammonium Bicarbonate 





Write for samples and data 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 





llied 
(hemical 61 Broadway, New York 6, N. Y. 
BRANCH SALES OFFICES: 
Boston + Charlotte + Chicago + Cincinnati + Cleveland + Detroit + Houston 
New Orleans + New York + Philadelphia + Pittsburgh + St. Louis + Syracuse 
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STAR 
VEGA silica brick crown 











fe as ewes ; | gid for ineulahiag 
. | stlica brick crowns of glass furnaces 


The chemical and mineral composition of VEGALITE, the truly unique 

= lightweight silica refractory, largely accounts for its highly successful 

use in this specialized application. VEGALITE corresponds closely to 

silica brick in composition, thermal expansion and refractoriness and 

provides decided advantages over insulating fireclay brick for this 

' requirement. Especially in the operation of glass tanks under appreciable 

‘h positive pressure which causes alkalies to penetrate the joints between 

the silica brick, VEGALITE is used with particular benefit. In the 

presence of volatile alkalies at the inter-face temperature between the 

silica brick crown and the VEGALITE insulation, such fluxing as can 

oc ‘not interfere with the quality of the glass. Insulation with 

-prevents or greatly retards boring as the result of the zone 

on of volatile alkalies becoming transferred outside the 
‘service life thus is considerably increased 


Fis Wiig Gaiedbk, stspnncinile fk cig ‘sonst feo, te 
‘with VEGALITE. For example, at a temperature 

y ‘a 13%” silica cap and 44” of VEGALITE super- 
thereon, the heat loss per square foot per hour as calculated is 

~ reduced by about 900 BTU. 













’ For more than a decade, Vieshsicds: Veale. pumebite Sa obultinued 

i ee Bellies develeeenant and eubancement of the prodertia of 
LY, VEGALITE. Over this period its use has greatly increased in the glass 
y industry. It isnow manufactured in large sizes with excellent workmanship. 
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AND SUBSIDIARIES World’s Most Complete Refractories Service 


GENERAL OFFICES: PITTSBURGH 22, PENNSYLVANIA 
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R. J. McEVOY NAMED ADVISOR 
AT UNIVERSITY OF ILLINOIS 

R. J. McEvoy, manager of process engineering for 
Owens-Corning Fiberglas Corp., has been named a mem- 
ber of the Advisory Board to the Department of Ceramic 
Engineering of the University of Illinois. 

W. L. Everett, dean of the school’s College of Engineer- 
ing, in making the announcement, said the Advisory 
Board will include representatives of industry and alumni 
and will advise upon problems presented to it. 

Mr. McEvoy, who joined Owens-Corning in June 1951, 
was an instructor at the University of Illinois after gradu- 
ating from the institution with degrees of bachelor of 
science and master of science. Prior to that he attended 
the Illinois Institute of Technology, Chicago. 

He is a member of the American Ceramic Society. 


J. A. PASK APPOINTED CHAIRMAN 
MINERAL TECHNOLOGY AT U. OF CAL. 

Joseph A. Pask, professor of ceramic engineering at 
the University of California at Berkeley, has been ap- 
pointed as chairman of the Division of Mineral Tech- 
nology. The Division includes all of the mineral industry 
specializations—mining, geological engineering, extrac- 
tive metallurgy, physical metallurgy, process engineering, 
petroleum engineering and ceramic engineering—and is 
part of the College of Engineering. 

Professor Pask first went to Berkeley in the Fall of 
1948 to establish activities in the field of ceramic engi- 
neering. A start was made with a graduate program lead- 





ing to M. S. and Ph. D. degrees in Ceramic engineering 
and engineering science in ceramics. An undergraduate 
program was begun during the last academic year. A 
unique feature of the program is a strong integration 
through the junior year with metallurgy because of a 
common core of courses based on fundamentals necessary 
for the study of all materials. An extensive research 
program based on fundamental studies both in chemical 
ceramics and physical ceramics is now being supported 
in the Ceramic Laboratories by both government agencies 
and industry. The ceramic staff consists of Professors 
Pask, Alan W. Searcy and Richard M. Fulrath, senior 
laboratory assistant John C. Habecker, and a group of 
approximately twenty post-doctoral people and students 
engaged in the research program. 
B. F. POST BECOMES 

SALES ENGINEER 

B. F. Post has been appointed to the position o 
sales engineer of Golding-Keene Company, accordiny 
to an announcement by H. B. DuBois, vice presiden 
in charge of sales. He will make his headquarters a 
the Trenton, New Jersey feldspar plant. 

Mr. Post received his degree in Ceramic Engineerin:: 
from Alfred University in 1948. Following graduation 
he spent two years with Waltham Grinding Wheel Com- 
pany and one with Raytheon Manufacturing Company 
The past six years he has been ceramic engineer in charge 
of the laboratory for Cortland Grinding Wheels Corpora 
tion, Chester, Massachusetts. 
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¥ CERIUM OXIDE 


for fast, efficient polishing 


Prompt deliveries of CEROX 
in any quantities. 


THE SHARP-SCHURTZ 
COMPANY 


CHEMISTS AND CONSULTING 
ENGINEERS 
FOR THE GLASS INDUSTRY 


LANCASTER, OHIO 














TO COLOR AND DECOLORIZE GLASS 


Cerium, Didymium (cerium-free) | 
Salts, Neodymium 
and other Rare Earths 


A GRAM OR A CARLOAD 








Linpsay CHEMICAL (OMPANY +: 


254 ANN STREET, WEST CHICAGO, ILL. 3 


EISLER Equipment 


solves glass problems! 







Since 1920, designers m 
and builders of special 7” 
machinery and equip- = | 
ment for the glass in- 


dus 4 
Glass 








y 


Above: SPECIAL CROSSFIRES 
Below: BLAST BURNERS 


— 


Glass Lathes - : 
Cutters + Wet or Dry | 
Silent Blast Torches «+ | 
Cross Fires Ribbon | 
Fires + Gas and Oxygen | 
Burners + Indexing © 
Turntables + Sealing, © 
Ampule and Bulb Blow- 
ing Machines, etc. 
Cali us now 
without obligation 


EISLER ENGINEERING CO., INC. 
742 So. 13TH ST., NEWARK 3, N. J. 





1 


| Charles Eisler, Jr. 
President 
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UNIFORMITY 














<O ra Because of the unlimited supply of Lakefield Nepheline 
S BS e > Syenite, you can be assured of perfect uniformity in batch 
_ fo > 5 g - after batch .. . year after year. No batch changes 
=! Ss ‘o) = a are ever necessary due to variation in source alumina... 
~ & 2 O and Lakefield Nepheline Syenite is higher in alumina, 
“a s 2 Zz yet low in iron. Phone, wire or write today for 
iid 


complete information on Lakefield Nepheline Syenite. 


wn“ 


Rapid delivery is guaranteed year ’round. 





' Great Lakes FOUNDRY SAND COMPANY 


720 United Artists Bldg. * Detroit 26, Michigan 


HIGH ALUMINA CONTENT > IDEAL FLUXING PROPERTIES 
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Inventions and Inventors . . . 

(Continued from page 578) 

the chamber through a conduit 32 leading from a pres- 
sure pump (not shown) and spread around the periphery 
of the mandrel by the applicator as the mandrel is 
advanced relative to the latter. The warps of fibers may 
advantageously carry a full complement of resin in a dry 
or partially cured non-tacky state so that a later applica- 
tion of resin is unnecessary to provide a completely 
impregnated body. 

There were 10 claims and 19 references cited in this 
patent. 


Sealing Cathode-Ray Tubes. Fig. 10. Patent No. 2,- 
725,678. Filed, June 4, 1953. Issued. December 6, 1955. 
Two sheets of drawings. Assigned to Radio Corporation 
of America by M. R. Weingarten. 

The invention relates to an apparatus for sealing a 
glass face plate to a wider end of a cone of a cathode- 
ray tube. 

As shown in Fig. 10 the apparatus includes a fixed 
support such as a table 22 having an opening 23 in a 
surface thereof for receiving a cathode-ray tube envel- 
ope portion. Mounted on the table 22 are plurality of 
fingers 23a for engaging and supporting the cathode- 
ray tube. The fingers 23a are so positioned that when 
they engage the cone 21 of the envelope portion, they 
dispose the rim 11 of the cone in a predetermined 
plane. Mounted on the table 22 are a plurality of offset 
plates 24 and 27, pivotally movable on pins 28 and 29. 
The plates referred to support the manifolds 12 to 19 








Fig. 10 


so as to dispose the burner nozzles 20 in a predetermined 
plane. The sealing is accomplished without rotation of the 
cone or face plate and by relatively small amplitud: 
oscillations of the burner nozzles. 

There were 17 claims and the following references 
cited in this patent: 1,577,538, Parker, Mar. 23, 1926; 
2,573,266, Melcher et al., Oct. 30, 1951; 2,580,450), 
Melcher et al., Jan. 1, 1952; and 2,654,181, Lucarell , 
Oct. 6, 1953. 


® A new tank for large volume production of borc- 
silicate glass has been announced by the Indiana Glass 
Company, Dunkirk, Indiana. The installation has a rated 
capacity of 70 tons of glass per 24-hour period. 








Better Glxs5 with"UNIVERBEL" Batch Charger 





CULLET 


MIXED BATCH 


ROLLER 





























The unique “Univerbel” Batch Charger 
for feeding batch and cullet to glass melt 
ing furnaces was developed and perfected 
in Belgium and is being used with excep- 
tional success in many European coun. 


TOP tries as well as Great Britain, Canada 





































/ one and the United States. 
% [ ae It is ideally suited for charging melting 
FLOOR [| oe furnaces in plants producing WINDOW 
= The “UNIVERBEL" provides the LEVEL GLASS, PLATE GLASS, CONTAINERS, 
aia a Distinct, Exclusive advantage GLASS BLOCK, GLASS WOOL, GLASS 
KO id of charging Batch and Cullet in FIBER and many other materials and 
IN SEPARATE LAYERS. products. 
® 
" YIHHI@*"| +M’?MMV1]/|! 4M 4 Illustration at the left shows the “Univerbel” charge! 
> a a a Til | oe a = = y 4 te in a sectional drawing of the doghouse into which the 
- batch and cullet are fed by the charger. Rotation of the 
Feeding roll moves the batch and cullet into the furnace: 











DESIGNERS & BUILDERS OF 
GLASS MELTING FURNACES 


3001 SYLVANIA AVENUE TOLEDO 13, OHIO * PHONE GReenwood 5-152! 
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...yowu for the asking 


For your ceramic problems of today ... or your ideas for tomorrow... 


you can secure the benefits of the many years of experience gained through the outstanding 
and continued research by the O. Hommel Company. It’s yours for the asking! 


Telephone today . . . contact your O. Hommel representative . .. or write... 


"The World's Most Complete Conamte Supplier” 


“©. HOMMEL”” 


PITTSBURGH, PA. 
WEST COAST—4747 E. 49th STREET * LOS ANGELES, CALIFORNIA 
OCTOBER, 1957 











